Construction de services distribués : une approche à base d'agents mobiles by Rouvrais, Siegfried
Construction de services distribue´s : une approche a`
base d’agents mobiles
Siegfried Rouvrais
To cite this version:
Siegfried Rouvrais. Construction de services distribue´s : une approche a` base d’agents mobiles.
[Rapport de recherche] RR-4315, INRIA. 2001. <inria-00072272>
HAL Id: inria-00072272
https://hal.inria.fr/inria-00072272
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
31
5-
-F
R ap por t  

de  r ech er ch e 
THÈMES 1 et 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Construction de services distribués :
une approche à base d’agents mobiles
Siegfried Rouvrais
N° 4315
Novembre 2001
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)
Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71
 
		ﬀﬁ
	ﬂﬃﬀ! 
"$##	%'&(ﬃ)"
+*,"-ﬀ.0/(ﬃ12ﬀ
346587:9,;<4=5?>A@CBEDﬂF
;HG:4=I
JKML2NPORQTSTOUWVYX[Z]\RQ^OR_a`cbdOUeQ^fgQ,UhL2NPORQiXkjl\2mcnoO$poqsrsnutnoO2p
O2Uet2_aput`MpQvfwNYx:qsponuy8`MO
z|{hqa},O2UhQﬀ~
_smMgOTOUWgqsponogq8{
Z]_ac:qs{^U]gO${hORtKcOR{htKcOmEﬂ8MS<YXeqŁsO2N.xc{hOTVsscS]XkVaM_srsO<Q
wRﬂAOd{_ac:qs{^U.M{^\<QvORm8UhOC`cmcO)_aMc{^qgtKcOd{^ORpo_aU^noŁsOdpo_t2qsmMQvU^{h`MtU^noqsmgOQvfgQvU^LRNO<QY{h\
_a{^U^nuQ2g{hORQvU^{hO2nom?U^OT_a`gb)_accponut2_Uhn q8mMQgOTU,fwOt2p noO2m?U^¡Q^O2{hŁwnot2Os¢g]q8`MQfdc{hqs:q8Q^qsmQ`MmNPqggLRp OT:qs`c{
pu_Q^\<tn £t2_aU^noqsm¤gOYQ^O2{hŁwnot2ORQﬀgnuQ,Uh{^noxc`c\<Q]tq8NPcp O2bgORQ]y?`cn¥Uh{h_sn¦UhO$p O<Q]nom?U^O2{_stU^noqsmMQﬀcO$U,fwO_scORpgO
M{^qgt\<g`c{hOlgnuQ,U_amMt2OsH\2Ł_apo`M_aU^noqsmYgnuQvUh_am?UhOO2U§_srsORm8UQ
NPq8xcn poORQR¢sOU^U^O¨©qs{hNP_sp nuQh_U^noqsmYqs`cŁw{hOpu_eŁ8qsnoO
gO<Ql_smM_apofgQvO<QWcO:O2{^¨©qs{hN_amMt2OsEgOQv\<t`c{hn U^\qs`ORmMtq8{^OPgO.£_axMn pon¦Uh\s¢O<Ql_smM_apofgQvO<Qe:O2{hNPOU^U^O2m?U
cOr8`cnugO2{$_a`ªNPn OR`gbp6« O2bwMp q8n¦U_U^noqsmªO¬EORtU^noŁsOP¥« _srsORm8UQlNq8xcnop O<QlM_amMQTpoOcqsN_anomcO¥« _accponut2_Uhn q8m
t2qsmMQ^nug\2{h\s¢w~|« n m?Uh\2rs{_Uhn q8mdgOlp=« _aMc{^qgtKcOlc_amQ`MmdO2mwŁwno{^q8mcmcO2NPORm8UgOTg\2Ł8O2poqsc:O2NPO2m?UOR{^NPO2U`Mm
c\2cpoqsnoO2NPO2m?U§QvfgQvU^\RNP_aU^nuy?`cOcOQ^O2{hŁwnot2ORQﬂgnuQ,Uh{^noxc`c\<QORmY¨©q8mMt­Uhn q8m.gOc{hqsM{^no\Uh\RQmcqsmg6¨©qsmt­U^noqsmMmcO2pop O<Q2¢
®¯M°<±²s³´w)_arsORm?UhQ§NPqsxMn poORQRsQ^O2{hŁ?nutO<Q|gnuQ,Uh{^noxc`c\<Q2?y?`M_apon¦Uh\]gOeQ^O2{hŁwnot2Oss_s{htKcn U^O<t­Uh`c{^O]cO]p q8rsnutnoO2puQ2¢
  1-  
	­ﬃdﬀP	ﬂﬀ 
"Y ##	"% 
2-
	 $ﬃ)1 -ﬀ.
 R°c²s°sJKcnuQe{hO2:qs{^UWc{hORQ^O2m?UQW_smO2mcr8n mMO2O2{hnomcr_scc{hq8_stK¨©q8{lxM`cn pugnomcrcnoQvU^{hn xM`gU^O<Q^fwQvU^ORNQ2
{hORQvU^{hnut­U^O<Uhqtpon ORm?Uv QvOR{^ŁwnutO_accponut2_Uhn q8mMQR¢ O]c{hqs:q8Q^O_TNPqggO2pc¨©qs{U^KMO]Qv:ORt2n¦£tR_Uhn q8mqs¨:t2qsNPcpoOb
cnoQvU^{hn xM`gU^O< QvOR{^ŁwnutORQﬀKMnotK _sMg{^O<Q^Q^ORQT{hO2NPqsU^Oc{hqgtORc`c{^OtR_apop=ﬂ{^ORNPqaU^OORŁ_apo`M_Uhn q8m+_smM NPqsxcnop O
_srsORm8U$nom?U^O2{_stU^noqsmMQR¢CJKcnuQT¨©qs{hN_aponoQ^N :O2{hNPn¦UQTU^q_smM_apof2OPOR{v¨©q8{^N_smMtO8
QvO<t`c{hn U,f_amM+gORORmMw
_sxcnop n U,fTc{^q8OR{vUhn O<Q2¢JKcORQ^O_smM_apofgQvO<Qc{hqŁwnogOrs`cnugO2ponomcORQ
¨©qs{ﬂ`MQ^n mcrWNPqsxcnop O_ar8O2m?UUhORtKcmcq8p q8rsfln mYU^KcO
t2qsmMQ^nugO2{hORP_aMcp nut2_aU^noqsmCgq8N_anom¢§JKcO]nom8UhO2r8{h_aU^noqsmqa¨EUhKcOeNPqggO2p:nomd_gORŁsO2poqsMNORm?UO2mwŁwn {hqsmMNORm?U
:O2{hNPn¦UQ|_$Q^fwQvU^ORN_U^nutﬀgORcp qfwNPO2m?U|qs¨EgnuQvU^{hn xc`cU^ORQ^O2{hŁwnot2ORQﬂU_wn mMr$n m?U^q_8t2t2qs`cm?U§mcqsmc=¨©`cmt­U^noqsmMmM_ap
M{^q8OR{vUhn O<Q2¢
ﬀﬂﬁﬃE±! Y¯"#ﬂsNq8xcnop O$_ar8O2m?UhQRggnuQ,Uh{^noxc`gUhOR)QvOR{^ŁwnutO<Q2cy?`M_sp n U,fCqa¨QvOR{^ŁwnutO8cQvqs¨ U$_s{^Ol_a{tKcn¦UhORtU^`c{hOs¢
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	

) *
.
	
~
Og\RcpoqsnoO2NPO2m?UlcORQlmcqs`MŁsO2popoORQe_sccponotR_Uhn q8mMQWcnoQvU^{hn xM`c\2O<Qe{hO2:q8Q^O.gOcpo`MQlO2mMp `MQTQ^`c{lp O<QW{h\
Q^OR_s`gbi rs{_amMcO¤\RtKcORp poO¤U^ORply?`cOªp=« + m?U^OR{^mcO2UR¢-,eOªmcqsN.xc{^OR`MQ^ORQN_stKMn mcO<QdQ^`c{t2ORQd{^\<QvO<_a`gbiQvq8m?U
cOdŁs\R{^n Uh_sxcpoORQ. p qsUhQ.gOd{hORQhQvq8`c{tORQR¢/+ pgO2ŁwnoO2m?U.:q8QhQvnoxcpoOd¥« f+Obgcpoqsn U^O2{.p O<Q$UhORtKcmcq8p q8rsnoORQcOtqggO
NPq8xcn poO10oS32465=ta¢ ¡a¡¢ﬂt2qwcOªpo_ªgO2N_amgOsﬂObg\Rt2`gU^noqsm gnuQvUh_amtOdO2UP_srsORm8UQNPqsxMn poORQ"7­¢§~|« qsxc},ORt­
Uhn¦¨TgO)tOU^{_HŁH_sn pORQvUgOd¨©q8`c{hmcn {`cm t2_8g{^Oq8`c{po_ Qv:\Rt2n¦£:t2_Uhn q8mp=« _am_apofwQ^OdO2UpoO)g\2cpoqsnoO2NPORm8U
cOdtq8N:q8Qh_am?UQ$OUPgOdpoO2`c{Q$nom?U^O2{_stU^noqsmMQ.c_amQ`cmcO_a{tKcn¦UhORtU^`c{hOCgOQ^O2{hŁwnot2ORQcnoQvU^{hn xM`c\RQR¢eqs`MQ
t2qsmMQ^nug\2{hqsmMQTpoORQYQvOR{^ŁwnutORQ$cnoQvU^{hn xM`c\RQt2qsNPNPOC`cmcOCt2po_8Q^Q^OM_s{vUhnot2`cp noL2{hO¥« _a{tKcn¦UhORtU^`c{hORQT{h\2M_s{vUhn O<Q2
O<Q^Q^O2m?Uhn ORp poO2NPO2m?UxM_sQ^\2O<Q},`Q^y?`« not2nQv`M{poO$Q,U,fwpoOlt2p noO2m?Uv Q^O2{hŁsO2`M{R¢,W_smMQ`cm{h\RQ^OR_s`dgOTQvOR{^ŁwnutO<QgnuQvU^{hn¦
xM`c\RQR
gO<QTc{^O<Q,U_U_ano{^O<QWNPO2UvU^ORm?U.)gnoQ^:q8Q^n¦Uhn q8m+cOp OR`c{hQ$t2p noO2m?UQ$qsU^ORm8Uhn ORpoQ$t2O2{^Uh_sn mMQ$Q^O2{hŁwnot2ORQ$gO
x_sQ^O5´¢ O2b¥¢ﬀ0 Va47s_aMORp \<QM{^noNPn¦Uhn¦¨´QM_s{po_TQ^`cn¦UhOs¢8O<Q§QvOR{^ŁwnutORQﬂQ^qsm?UcORQ§_aMcp nut2_aU^noqsmMQﬂNPqgg`cpu_ano{^O<Q2
c\Rt{hn U^ORQO2Uec`cxMp no\2O<QﬀM_a{ep O<Qﬀc{hORQvUh_U_ano{^O<Q2wc`MnoQﬀpoqgt2_sp nuQv\RORQO2Uen mwŁ8qwy?`c\RORQU^{_HŁsOR{hQpoO${^\<QvO<_a`¢c~
ORQ
t2p noO2m?UQ\2NPO2UvU^ORm?U.gORQY{^O<y?`98UhORQYy?`cnQvq8m?UY_apoqs{QTU^{_an U^\RORQ$:qs`c{.{^ORmMg{hOCgORQY{^\<Qv`Mp¦U_UhQ:5©nom?Ł8qgt2_Uhn q8m
cnoQvUh_sm8UhOlcOlM{^qgt\<g`c{hOeq8`gOlNP\UhKcqggO 7¢M~O<Q{h\RQ^`cp Uh_aUhQgO$tOR{vU_anomMQcOTt2ORQQ^O2{hŁ?nutO<QQvOR{^Ł8O2m?UQ^qs`g
Ł8O2m?UlcOgq8mcmc\RORQl¥« ORm?U^{h\2OY:qs`M{l¥« _a`cU^{hORQR¢:~« _s{htKcn U^O<t­UhOs:Łsqsno{hON82NPO.poOPtpon ORm8U<:Q^qsm?UTgO.Mp `MQlORm
Mp `MQ§_sNPO2mc\<Q§WŁ8qs`cpoqsno{§tq8N:q8Q^O2{§t2ORQ§Q^O2{hŁ?nutO<Qﬂc{^noNPn¦Uhn¦¨´Q§_a£MmgOq8`cŁsq8n {{hO2mMc{^OﬀgO<Q§QvOR{^ŁwnutORQﬂcpo`MQ
t2qsNPcpoObgORQR¢
~
ORQUhORtKcmcq8p q8rsnoORQlxM_sQ^OﬀgO]tqggONPqsxMn poO¨©qs`c{hmcnuQ^Q^O2m?U§`cmcO]_sxMQ,Uh{h_8t­Uhn q8m.y?`cncqs¬:{hOﬀgOﬀmcqsN.xc{hO2`gb
_aU^q8`gUhQeM_a{]{_aMq8{vUe_s`gbNPqggLRp O<QegO.c{^q8rs{_aNPN_Uhn q8mt2po_8Q^Q^noy?`cO<Q]y?`cnQ^O{hORQvU^{hO2norsmcORm?Uepo_dQvOR`cp O
NPq8xcn pon U^\)gORQgqsmMmc\2O<Q2¢~OdU^O2{hNPOt2qggOdNPqsxMn poO{h\¨©LR{^Oªg` tqggOy8`Mn:O2`cU;82U^{hOdO2mwŁ8qfs\d¥« `cmcO
N_8tKcn mMO:qs`c{<8Uh{^OObg\Rt2`gU^\Qv`c{ﬂ`cmcO_a`cU^{hOs¢ + p?gORŁwn ORm8U:q8QhQvnoxcpoOgOg\2cpu_st2O2{ﬂp O<Qt2qggORQOUﬂp O<Q`Mmcn¦Uh\RQ
« O2bw\<t`gUhn q8mMQﬂﬀU^{_HŁsOR{hQp O{^\<QvO<_a`¢<~O<Qgn ¬E\2{hO2m?UhQM_a{_scn r8NO<Q
exM_sQ^OgOtqggONq8xcnop OOR`cŁsORm?U=8Uh{^O
Łw`tq8NPNO]cORQŁ_a{hno_aU^noqsmMQ§c`NPqggLRp O]t2p noO2m?Uv Q^O2{hŁsO2`M{-0 4O2mU^OR{^NPO]gO]QhtKc\2N_T¥« n m?UhO2{_st­Uhn q8m¢z|po`MQ
_a{^U^nut`cpon LR{^ORNPO2m?URq8`c{Tp O<QW_srsO2m?UQ]NPqsxcnopoORQR:poO.Qh_HŁsq8n {^6¨´_ano{^O$_aMM_a{^U^noO2m?Ul_s`tponoO2m?UR¢>+ p§gnuQv:q8Q^O.gO
pu_.p q8rsnuy8`MOW{hORy?`cnuQvOWq8`c{ﬀ{h\R_aponuQvOR{pu_YU_stKcO8¢ﬀ?]m)_arsORm?UNPqsxcnopoOl:O2{hNPOU]gOl{^\<_aponoQ^O2{Q^`Mt2t2ORQhQvnoŁsORNORm?U
Mp `MQ^noO2`c{QPQvOR{^ŁwnutORQR¢@,eO)cpo`MQR|gO)M_a{PpoO2`c{tR_aM_8tn U^\)ªO2¬:O<t­Uh`cO2{CgO<Q.U^{_an U^O2NPORm8UQg\2:qs{^U^\<Q2poORQ
_srsORm8UQNq8xcnop O<QOR{^NPOU^U^ORm8Ue« \2U^O2mg{^O$poORQ¨©q8mMt­Uhn q8mcmM_sp n U^\<QﬀgORQ]Q^O2{hŁwnot2ORQc{hn NPn U^n ¨´Qﬀc{hqs:q8Q^\RQR¢
q8N_a{h\RQﬂWgO<QﬂNqggLRp O<Q
Mp `MQ§t2po_8Q^Q^nuy8`MORQpu_a{hrsORNPO2m?U`gUhn ponuQv\<Q
UhO2puQy8`MOpoOﬀtpon ORm8U^¡Q^O2{hŁsOR`c{5´xM_sQ^\RQ
Q^`c{Wp=« _ac:O2pﬂgOYM{^qgt\<g`c{hOYCgnuQvUh_amtOs:ZﬀzW:qs`gO.p=« nom?Ł8qgt2_Uhn q8m¤gnoQvUh_sm?U^O.cONP\U^KMqwcOsEZBAC+D7FE
poORQ_HŁ_am?Uh_srsO<Q§OUn mtqsmwŁ8\2mcnoO2m?UhQG0 cES<V 4gO<Q_srsO2m?UQ|NPqsxcnopoORQQvq8m?Uc{hn mtnoM_apoO2NPO2m?UgOemM_aU^`c{hOemMqsmg
¨©q8mMt­Uhn q8mcmcORp poOs¢~
_mcqaUhn q8mgOmcqsmg6¨©qsmt­U^noqsmMmcO2pO2mcr8p q8xOp O<QYM{^q8c{^no\Uh\RQ.y8`MnmcO)tKM_smcrsORm8U.M_sQ.po_
m_U^`M{^OgORQPQ^O2{hŁ?nutO<Q$¨©q8`c{^mMnoQM_s{.p6« _sccponotR_Uhn q8m¢ﬂ~
ORQc{hqsc{hno\U^\<Qmcq8mg6¨©qsmMtU^noqsmcmcORp poORQtq8mMtOR{^mM\2ORQ
mMqs`MQﬀQ^O2N.xcp Oﬁ82U^{hOlM{^nomMtnoM_sp ORNORm?UIH
J
po_P:O2{^¨©qs{hN_amMt2OKHgpoORQﬀg\Rxcn¦UQe.U^{_HŁsOR{hQ`cm){h\RQ^OR_s`Q^qsm?UﬀM_a{^¨©qsnuQ¨´_anoxcpoORQR¢M~O<Q]_ar8O2m?UhQNPqsxMn poORQ
OR`cŁsORm?UW{h\Rg`cno{hOpo_tq8mMQvq8NPNP_aU^noqsm)O2mxM_amMcOM_sQhQh_am?U^OORmg\Rq8{vU_am?UepoORQlt2_aput`MpoQeŁsO2{QﬀpoORQ
gqsmMmc\2O<Qecpo`gUMLaU$y8`MOgO.{h_sM_Uh{^noO2{ltO<QWgq8mcmc\RORQWq8`c{WpoORQWUh{h_sn¦UhO2{epoqgt2_sp ORNORm?Ulpo_dNP_smcnoL2{hO
¥« `cmcO$nom?Ł8qgt2_Uhn q8mgnuQvUh_am?UhON0 OP4¡¢
QR"SITUPV=U3WYX[Z[X[V'\D]
T^PVI_`"]aZb`V'UPX WY\@Z[\cW'\d]'ef\@X[^gTﬂhi`MW'X[T^ﬁjPX[V
Wk`"^W'\lmInkloﬂUPX\D^ pZ[Tqr\smIt>uv\wW<m=xﬁnkR
m=my^z9{| QD}
  
%ﬀﬃ3&	
J
po_Qv\<t`c{hn¦Uh\KHpoORQ_ar8O2m?UhQNPq8xcn poORQdq?QvORm?UgOmcq8`cŁsO<_a`gb c{hqsxcpoL2NPORQdgOQ^\Rt`M{^n U^\ 0oS<P46mcqa
Uh_sNNPORm8Upo_c{^qsU^O<t­U^noqsmcOCU^ORpoQ_ar8O2m?UhQ:5©¢ Ob¥¢tqggOsgq8mcmc\2O<QO2U.\U_U7$O2mwŁ8O2{QgORQYK9LaUhORQ
N_apon m?U^ORm?U^noqsmcmc\<Q65©O2U
ﬃ3
!"wﬃPﬂ"	
7­¢
J
po_¤£_axcnopon¦Uh\KHpoORQ._ar8O2m?UhQ$NPq8xcn poORQYOR`cŁsORm?UYOR{^NPO2UvU^{hOcORQnom?U^OR{h_8t­U^noqsmQgnuQ,U_am?U^O<Qcpo`MQ{hqa
xc`MQvU^O<Q.Q^`c{.cORQ.{^\<QvO<_a`gb mcqsmQc{Q:5´¢ O2b¥¢ﬂg\2¨´_anop pu_amtORQ.gOtR_amM_s`gb cOtq8NPNY`cmcnut2_aU^noqsm q8`
gOQ^O2{hŁsOR`c{hQ"7­¢@+ puQ:O2{hNPOUvUhO2m?U¥« O2mwŁwnuQ^_srsO2{CcOmcqs`MŁsOR_s`gbNP\RtR_amcnuQ^NO<QCgO)Uhqspo\2{_amMt2O)_s`gb
¨´_a`gUhORQ60oS3O46M_a£Mm)¥« _8Q^Q^`c{hO2{`cmcOT£:_axcnop n U^\$_8t2t{h`cO$gO<QObg\Rt2`gU^noqsmMQR¢
	
`cO2pEO<Q,UﬀpoOWNPO2nopop OR`c{ﬀc{hqaU^qgt2qspoO$5©
¢ O2bE¢gnomwŁsqgt2_aU^noqsmdcnoQvUh_sm8UhOswNPn r8{h_aU^noqsm¥« _srsORm8U<wOUhts¢ 7.NPOUvUh{^O
ORmcpu_st2Od:qs`c{t2qs`cŁw{hn {.p O<Q.x:ORQ^qsnomMQO2m y?`M_apon¦Uh\
E¢§~
_{h\2:qsmQvOªt2OUvUhOy?`cO<Q,Uhn q8mO<Q,Ul},`MQhy8`
« nutn
pu_anuQhQv\RO_a`cb Q^O2`Mp O<Q.O2bg\R{^noO2mMt2ORQ.OUObg:O2{^U^nuQvO<Q.c` t2qsmMt2O2gUhO2`c{P¥« _accponut2_Uhn q8m¢<+ p]gqsn Upo`cn 6N8RNO
tKMqsnuQvno{O2m?U^{hO¤pu_+Nnors{_Uhn q8m Ł8O2{QP`cmAQ^n¦UhOgnoQvUh_sm?UdOUCp6« nomwŁsqgt2_aU^noqsm gnuQ,U_am?U^O8¢ﬀ£mAgO¤rs`cnugOR{Cp O
t2qsmMt2O2gUhO2`c{]M_amMQ]t2OtKcqsn b¥cmcq8`MQﬀNPqgg\2ponoQ^qsmQp O<Q]QvOR{^ŁwnutO<QOUepoO2`c{WtqsN.xcnomM_anuQvq8m_a£Mm¤gOQ^\<tn £MO2{
cORQQ^O2{hŁ?nutO<QPtqsNPcpoObgO<Q2¢O2UvU^O¤NPqgg\Rp nuQ^_aU^noqsm mcqs`QQvOR{vUCgO)xM_8QvO):qs`c{C\2U^`Mcn OR{p O<QPc{^q8c{hn \2U^\RQ
mMqsmg6¨©qsmMtU^noqsmcmMO2pop O<Q$gOdQ^O2{hŁ?nutO<Q$tq8NMp O2bwO<Q2¢|p poOC:O2{hNPOU.gO<Q_am_apofwQ^ORQ$y?`cnrs`cnugORm8Upu_)NPnoQ^OCORm

`MŁ?{hOYO2Ulr?_a{_am?U^n UlcORQTtq8m8Uh{h_sn m?UhORQlgOy?`M_sp n U^\8¥_a`Mp `MQWUMLaU$c_amMQlpu_dMKM_sQ^O.gOt2qsmMt2O2gUhn q8m¢:~
ORQ
Q^O2{hŁwnot2ORQtq8NPcp O2bgORQﬀQ^qsm?UﬀObgc{hn NP\RQﬀPgOR`gbdmcnoŁsO<_a`gb¥« _sxMQvU^{_st­Uhn q8m6H
Ss¢ﬀ_a` mcnoŁsOR_s` _sxMQvU^{_an UR§`cm QvOR{^ŁwnutO¤tq8NPcp O2bgOO<Q,Udg\<t{hn¦UM_s{`cmcO)Obgc{hORQhQ^n q8m¨©qsmt­U^noqsmMmcO2pop O
QvnoNPcpoOs¢|pop OPQv:\Rt2n¦£OYpu_dQ^\2N_am?U^nuy?`cO.« `cmMO.{hORy?`982U^OYO2Ue¨´_sn¦U$_ac_a{_P.uU^{hOtpu_ano{^ORNORm?UWpoORQlg\
ORmMc_smMtO<Q 5qaUhQgOWt2qsm?U^{MLspoOﬀOUMqaUQgOecqsmcmc\RORQ"7­?$po_NP_smcnoL2{hO]¥« `MmdQ^t2{^nogU
%f
 0ﬀP46¢
~|« _acM{^qgtKcOTORQvUﬀNPqsmcqs6{hORy?`982U^Os¢
Vg¢ﬀ_a`+mcnoŁsO<_a`+tqsmt{hOUR¥`MmcOObgc{hORQhQvnoqsmªOR`gU 8Uh{^OŁw`cOt2qsNPNPO`cmcOtq8p poORtU^noqsm+¥« nomwŁsqgt2_aU^noqsmMQ
gnuQ,U_am?U^O<Q2ﬂ\2Ł_apo`M_aU^noqsmgnuQ,U_am?U^Odqs` NPn r8{h_aU^noqsm¥« _ar8O2m?UhQR¢=,WOCUhO2pop O<QO2bwM{^O<Q^Q^n q8mMQt2qsmMt2{^L2U^ORQ
OR`cŁsORm?U82U^{hOY¨´_8tnop ORNORm?UT_smM_apofgQv\RORQ]O2UTt2qsNPM_s{^\RORQ 0 P4¡EO2mU^O2{hNPO.gOc{hqsc{hno\U^\<QemMqsm¤¨©q8mMt­
U^noqsmcmMO2pop O<Q2¢s~
ORQc{hqsM{^no\Uh\RQ§gO]y?`M_sp n U^\Uh{h_sn¦Uh\2ORQ§t2qsmMt2O2{hmcO2m?Upo_T:O2{^¨©qs{hN_amMt2O
ﬃ3ﬁ
p6« \2Ł_apo`M_Uhn q8m
g`.U^{_£tU^qsUh_apwORmcrsORmMg{h\M_s{ﬂ`MmQ^O2{hŁwnot2Otq8NPcp O2bgOc_smMQﬂp O{h\RQ^OR_a`
Rpu_TQv\<t`c{hn¦Uh\y?`cnwUh{h_sn¦UhOgO
po_)t2qsmg£cO2m?U^nu_apon¦Uh\ 5´mcqsmc¡gnoŁw`cpor8_Uhn q8mª¥« nomg¨©qs{hN_U^noqsmQM7eOUgOPp6« nom?U^\2r8{^n U^\C5´mcqsmg¡NPqggn¦£:t2_Uhn q8m
¥« n mg¨©q8{^N_aU^noqsmMQ"7­gO2Uﬀ£MmM_apoO2NPORm8U]pu_.£_axMn pon¦Uh\gORQnom?U^OR{h_8t­U^noqsmQ2¢
eqaU^{hONqggLRp O)QR« nom?U^L2r8{^Oc_amQ.`MmO2mwŁwno{^q8mcmcO2NPORm8UgO)tq8mMQ,Uh{^`t­U^noqsm gOQ^O2{hŁwnot2ORQgnuQ,Uh{^noxc`c\<Q2
:qs`M{]rs`cnugOR{RcpoOcpo`MQW_a`gUhqsN_Uhnoy?`cORNORm?U]q?Q^Q^n xMp O8Mpu_tqsmtO2cU^noqsm¤OUWp Og\RcpoqsnoO2NPO2m?UWgOU^O2puQeQ^fgQ,
UhL2NPORQR§Uhqs`gUCORmir8_a{_am?UhnoQhQ^_sm?U.poO¤{^O<Qv:ORtUdgOtq8m8Uh{h_sn m?UhORQPgOy?`M_sp n U^\8¢K+ p]`gUhn ponoQ^O¤`cmipu_amcr?_ar8OgO
cORQht{hn gUhn q8m ¥« _a{tKcn U^O<t­U^`M{^O<Q:0oS24¡q8`c{pu_ªQ^\<tn £t2_aU^noqsm OUPp=« _amM_sp fgQ^Os¢c+ pﬀQ2« _sQhQ^qwt2n Op6« O2mwŁwn {hqsmg
mMO2NPO2m?UﬂeQvU^O2{ 0oSRP4q8`c{Pp Og\2Mp q8n ORNORm?UPQ^fgQ,Uh\2N_Uhnoy?`cOdcOQ^fgQ,UhL2NPORQgnuQ,Uh{^noxc`c\<Q._s`{^ORr8_s{h gO
t2qsm?U^{_anom?U^O<Q]gOPy8`_apon¦Uh\s:M_a{TQv:\Rt2no_sp nuQh_U^noqsmdp=« _anugOgO.Q^O2{hŁwnot2ORQecORQTtq8`MtKcORQeNP\Rgnu_Uhnot2n ORp poORQ;5´ts¢ 
a¡¢
;
#r#ﬀ

%i

nom8UhO2{hrsnutnoO2pqs` nom8UhO2{Q,Uhnot2n ORp&7¢¥~|« n m?U^\Rrs{_Uhn q8mªgOmcqaUh{^OPNPqggL2poOP_HŁsORtﬃeQvU^OR{$_`Mm
cqs`cxcpoOlx\Rmc\£t2Os¢wz|{hO2NPnoL2{hO2NPO2m?URwORp poOT\U^ORmMCp6« _acc{hqgtKcOWQ,UhO2{ﬀ_HŁsO<t]p6« `cU^nop nuQ^_aU^noqsmgORQ_ar8O2m?UhQNPqa
xMn poORQR¢<,WO2`cbwnoL2NPORNORm?URﬂp O<QUhORtKcmcnuy?`cORQgOQv:\Rt2no_sp nuQ^_aU^noqsm c{hqsM{^OC eQvU^O2{.q8`c{p Og\2cpoqsnoO2NPORm8U
c` Q^fgQ,UhL2NPO)O2mwŁsOR{hQPgO<Qt{hn¦UhL2{hORQPgOy?`M_sp n U^\)mcq8`MQ:O2{hNO2UvUhO2m?UdgO)r8_s{h_sm8Uhn {Ppu_+Qvfwm?U^KcL<QvO¤¥« `cmcO
_s{htKMn¦UhORt­Uh`c{hOs¢8eqs`MQ\Uh`MgnoqsmMQpu_NPnoQ^OeORm

`cŁw{hOWgOWmcqaUh{^OWc{^q8q?Qvn U^noqsmCYp=« _anugOlgOepu_cpu_UhO6¨©qs{hNPO
jl{_sQhQ^Kcqsc:O2{N0 P4¡y?`cnqa¬E{^O8
gOCN_amMn LR{^OP`cmcn ¨©qs{hNPOsﬂ)po_)¨©q8noQYgORQ$nom?U^OR{h_8t­U^noqsmQ$M_a{Yn mwŁsqgtR_U^noqsmQ
cnoQvUh_sm8UhORQO2U]M_a{ﬀ_ar8O2m?UhQNPq8xcn poORQR¢
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	

,l_amMQpu_Qv`Mn¦UhOWgOltOe{_aMq8{vU<smcq8`MQt2qsNPNPO2m 2qsmMQM_a{c{^\<QvORm?U^O2{p Olt2_sc{^Oﬀ¨©q8{^NPORpM:qs`c{po_YQv:\
t2n¦£:t2_Uhn q8m.gOﬀQ^O2{hŁwnot2ORQﬂgnoQvU^{hnoxc`c\RQR¢a]q8`MQﬂfc{hqs:q8Q^qsmMQp6« _scc{hqwtKMOg\<tpu_a{_Uhn Ł8OQ^`cn ŁwnoOsHc`cnuQM_8Q^Q^qsmMQ
ORm{hO2Łw`cOp O<QTgO2`gbªpo_smcr8_srsORQWgOQv:\Rt2n¦£:t2_Uhn q8mªy?`cnO2m+g\<tqs`Mp ORm8U<¢¥~
_QvO<t­U^noqsm d\2U^`Mcn OtOR{vU_anomcORQ
_smM_apofgQvO<Qﬂq?Q^Q^n xMp O<Q§W_a{^U^no{|gO]tOﬀt2_8g{hO¨©q8{^NPORp=¢ p poORQ§:qs{^U^ORm?U§Q^`c{§pu_TOR{v¨©q8{^N_smMtO8<pu_$Q^\Rt`M{^n U^\OU
pu_.£_axMn pon¦Uh\s¢:OR{vU_anomMQﬀgOt2ORQ{h\RQ^`cp¦U_UQﬀQvq8m8UﬀORmMQv`Mn¦UhO$n pop `Q,Uh{^\<QﬀU^{_HŁsO2{QmcqaUh{^OTO2mwŁwno{^q8mcmcO2NPORm8U]gO
t2qsmMQvU^{h`MtU^noqsmdgOTQ^O2{hŁ?nutOltpon ORm?UORmQ^ORtU^noqsmC¢w~_.c\£Mmcn U^noqsmgOlpo_Q,Uh{^`t­U^`M{^OlrspoqsxM_sp OWgOTmcqaUh{^OWO2mg
Łwno{^q8mcmcORNORm?U|ORQvU|c{^\<QvORm?U^\2O8s_anomMQ^nMy?`cOeQ^qsm_sQhQ^qwt2no_aU^noqsmP_HŁsO<t WQ,UhO2{<¢,Wn¦¬E\2{hO2m?UhORQ|\2Uh_sO<Q|¥« _amM_sp fgQ^O
qs¬:OR{vUhORQﬀPp6« _s{htKMn¦UhORt­UhOsM_s`t2qsmMt2O2gUhO2`c{eOUe_a`¤g\RŁsORp q8cOR`c{]gOYQ^O2{hŁwnot2O$gnoQvU^{hnoxc`c\RQeQvq8m8U]_sp q8{hQ\2U^`g
cn \RORQR¢ﬂn mM_sp ORNPO2m?URamMqaU^{hOﬀtq8m8Uh{^noxc`gUhn q8m.O<Q,U|{h\RQ^`cNP\2O8s_a`{hO2r8_s{hgO<Q§_a`gUh{^O<QﬂU^{_HŁH_s`gb.g`gq8N_anomcOs
O2Uey?`cO2puy?`cORQ:O2{Qv:ORtU^noŁsO<QﬀgOT{^O<tKcO2{tKcOTQvq8m8Uﬀc{hqs:q8Q^\2O<Q2¢
 
 "	 $	§/(ﬀ1A#ªYd	'1" 
#ªﬀ)"Tﬂ  	ﬀ'2	

	­ﬃﬀ
~
ORQYQ^O2{hŁwnot2ORQ$M{^noNPn¦Uhn¦¨´Q.OR`cŁsORm?U 8Uh{^Odt2qsmMQ^nug\2{h\RQ$t2qsNPNPOdgORQYxc{hnoy?`cO<QnomMg\2:O2mc_am?U^O<Q2¢oS:,WORQ
t2p noO2m?UQ\RNPOUvUhO2m?U¤gORQ{hORy?`98UhORQŁsOR{hQtO<QQ^O2{hŁwnot2ORQR¢~
ORQ{^\<Qv`cp Uh_aUhQ)gO+tOR{vU_anomMQcO t2ORQQvOR{^ŁwnutORQ
:O2`MŁsO2m?UQ^O2{hŁ?no{TgOgqsmcmM\2ORQT¥« O2m?Uh{^\RO:qs`M{T« _s`gU^{hORQR¢~O<QlQ^O2{hŁwnot2ORQlc{hn NPn U^n ¨´QTOR`cŁsORm?U$_sn mQvnc8Uh{^O
t2qsNP:q8Q^\RQC_a£MmAgOªt2qsmMQvU^n U^`MO2{dgO<QQ^O2{hŁwnot2ORQPcpo`MQtq8NMp O2bwO<Q2¢?]m Q^O2{hŁwnot2OtqsNPcpoObgO:O2`cUv8Uh{^O
t2qsmMQvU^{h`cn UdM_s{C`cm t2p noO2m?UR p6« _snocOgORQQvOR{^ŁwnutO<Qc{hn NPn U^n ¨´QdO2bwnuQvUh_am?UQ2OUQ^:\Rtnu_aponuQv\p=« _anugOgO
Uh{h_sn¦UhO2NPO2m?U$y?`cnp `cn§Q^qsm?UTc{^q8c{hORQR¢,WOpu_N;8RNPOY¨´_
 qsm
:`MmªQ^O2{hŁ?nutOtq8NMp O2bwO:O2`gUﬁ8Uh{^Oc{hqs:q8Q^\
_a{ﬀ`cmc{hORQvUh_U_ano{^OTQ^qs`MQpu_.¨©qs{hNO$¥« `cmQ^O2{hŁwnot2OWc{hnoNn U^n ¨§Q^ORQﬀt2p noO2m?UQ2¢
+ pO<Q,Uﬀ:q8QhQvnoxcpoOlcOTQR« _acc`MfsO2{ﬀQ^`c{ﬀ`cmcOTxM_8QvOW¨©qsmt­U^noqsmMmcO2pop O$_a£MmcOTQ^:\Rtn £MOR{]gORQﬀQ^O2{hŁwnot2ORQtq8N.
Mp O2bwO<Q2?¨©{h`cn U¥« `cmcO$t2qsNPq?Qvn U^noqsmgO$QvOR{^ŁwnutORQc{hn NPn U^n ¨´Q2¢9?emQ^O2{hŁwnot2Oec{hn NPn U^n ¨O<Q,Uﬀ_apoqs{Q|{hO2c{h\RQ^O2m?Uh\
_a{Y`MmcO¨©qsmt­U^noqsm
ﬂg\2£MmcnoOdM_s{.Q^ORQYn m?U^OR{v¨´_8tO<Q2¢<?]mcOdU^O2popoO¨©qs{hN_aponoQh_Uhn q8m :O2{hNPOUPgOQ^\<tn £MO2{.po_
Q^\2N_sm8Uhnoy?`cO¥« `cmQ^O2{hŁ?nutOtq8NMp O2bwOQvq8`MQpu_¤¨©q8{^NPO¥« `MmcOt2qsN.xcn m_anuQvq8mgOd¨©q8mMt­Uhn q8mMQR¢	]£Mm gO
:O2{hNPOU^U^{hOYpu_dQ^\<tn £t2_aU^noqsmgOQvOR{^ŁwnutO<Qetq8NPcp O2bgORQRmcq8`MQltKcqsnuQvnuQhQvq8mMQ]gOPtq8mMQvnug\R{^OR{ﬀU^{hqsnuQ]U,fw:ORQ
« q8xg},OUQaH
J
p O<Qgq8mcmc\RORQR8y?`cnEQvq8m8Up O<Q|:qsnom8UQ¥« O2m?Uh{^\ROe¥« `cmdQ^O2{hŁ?nutO]t2qsNPcpoObgO]O2Uy?`cn:_scM_s{vUhn ORmcmcO2m?U_s`
tpon ORm?U 5´Q^ORQ{hORy?`98UhORQ"7­¢OQ^qsm?Uﬀp O<Qqsxg},O2UhQﬀgO$x_sQ^OTcORQpu_amcr?_arsO<Q2¢
J
p O<QQvOR{^ŁwnutORQc{hn NPn U^n ¨´Q2gy?`cnEQvq8m8Up O<Q¨©qsmMtU^noqsmMQqa¬EO2{^U^O<QM_s{poORQQ^O2{hŁsO2`M{hQR¢?KM_8t`cmcOWq8{vUhOW`Mm
mcqsN `cmcnuy?`cOTOU]qa¬E{hOl`Mm)Q^O2{hŁwnot2OWM{^noNPn¦Uhn¦¨§gqsmMmc\s¢O<Q]QvOR{^ŁwnutO<QQ^qsm?Uﬀg\Rt2{^n UhQRM_s`dUh{h_HŁ8O2{QgO
p OR`c{Qn m?U^OR{v¨´_8tO<Q2HM_s{§p O<Qc{^O<Q,U_U_ano{^O<QgOﬀQ^O2{hŁwnot2ORQR¢H~
Oqs`p O<Q{^\<Qv`cp Uh_aUhQ¥« `cmQvOR{^ŁwnutOc{hn NPn U^n ¨
OR`cŁsORm?Ueg\2:O2mMc{^O$gO<Q]gqsmMmc\2O<Qﬀ_a{hrs`cNPO2m?UQcO$po_.¨©qsmt­U^noqsm
¢
J
p O<QU^{_an U^ORNORm?UhQRy?`cnQ^qsm?U)p O<Qd¨©q8mMt­Uhn q8mMQc{hn NPn U^noŁsORQ)g\2£MmcnoORQM_s{q8`c{poORQ)t2p noO2m?UhQR¢eORQ
¨©qsmMtU^noqsmMQCOR{^NPOU^U^ORm8U¥« \2U^ORmMg{hOs|M_s{dtq8NPq?Qvn U^noqsmp O<QP¨©qsmMtU^noqsmcm_apon¦Uh\RQc{hnoNn U^noŁsO<Q2¢|~
ORQ
U^{_an U^ORNORm?UhQPQvq8m?Ug\<t{hn¦UQM_amMQPgO<QYxcnoxcpon qsU^KcL<y?`cORQc{h\Rg\2£MmcnoORQqs` gno{^O<t­U^ORNPO2m?U.c{hqs:q8Q^\RQ
M_a{ﬀpoORQﬀt2p noO2m?UQ2¢
O<Qlqsxg},O2UhQTQvq8m?Ulg\2£MmcnuQ$dp6« _snocO¥« `cmªO2mwŁwn {hqsmcmMO2NPO2m?U­¥y?`cn|_sQhQ^qwt2n O.p O<QW¨©qsmMtU^noqsmcmM_sp n U^\<QW_s`gb
Q^O2{hŁwnot2ORQqs`U^{_an U^ORNPO2m?UhQO2U]p OR`c{hQŁ_sp OR`c{hQﬀ_s`gbgq8mcmc\RORQR¢
m=my^z9{| QD}
2  
%ﬀﬃ3&	
 
p6« _snocOgOt2ORQTO2m?Uhn¦Uh\RQR¥mcqs`MQlc{hqs:q8Q^qsmQWgOR`gbpu_amcr?_ar8ORQWq8`c{$g\£MmMn {$`cm+Q^O2{hŁ?nutOPgnuQ,Uh{^noxc`c\
t2qsNPcpoObgOs¢%,l_amQ§p OﬀM{^ORNnoO2{<sgn U_axQ,Uh{h_sn¦U<ORQvUQv:\Rt2n¦£M\ROﬀpo_l¨©q8mMt­Uhn q8mcmM_sp n U^\]¥« `cmCQ^O2{hŁwnot2Ot2qsNPcpoObgOs¢
gO2`cpuQpoORQMqsUhQgOWgq8mcmc\RORQO2m?U^{hO]poORQgn¦¬E\2{hO2m?UQQ^O2{hŁwnot2ORQ|O2UUh{h_sn¦UhO2NPO2m?UhQ_aMM_a{_anuQ^Q^O2m?U<¢ ]nomMQ^n=w`cmcO
O2bgc{^O<Q^Q^noqsm$c_amQ
poOpu_amcr?_ar8O|_axMQvU^{_an U:O2{hNPOUﬂQ^noNMp ORNORm?Upu_eQ^\<tn £t2_aU^noqsmYgO<Qc\2:O2mMc_smMtO<QORm8Uh{^O
poORQPQ^O2{hŁwnot2ORQ<U^{_an U^ORNPO2m?UhQY`gU^nop nuQ^\RQR¢ |p poO)mcO¨´_an UP_sQ\U_UCgONqggO<QP¥« nom?U^OR{h_8t­U^noqsm M_a{^U^nut`Mp noO2{Q2¢
,l_amQPp O)QvO<tq8mMpu_amMr8_ar8Osgn Ut2qsmMt2{^O2URpoORQPNPqggORQ¥« nom8UhO2{_stU^noqsm Q^qsm?UPObgcponot2n¦UhORQC5=ta¢ ¡a¡ _arsORm?U
NPq8xcn poOs\2Ł_sp `M_aU^noqsmAgnuQvUh_am?UhOsnomwŁsqgt2_aU^noqsmAgnuQvUh_am?UhO 7­¢?]mMOObgc{hORQhQ^n q8m _sxMQvU^{_an U^Ogq8n¦U 8Uh{^OŁw`cO
t2qsNPNPOT`cmcOQ^\<tn £t2_aU^noqsmOU]`cmcO$O2bgc{^O<Q^Q^noqsmt2qsmMt2{^L2U^OTtq8NNPOT`cmcO$noNPcpo\2NPO2m?Uh_aU^noqsm¢
 
	

~
OCpo_smcr8_srsOC_sxMQ,Uh{h_sn¦UO<Q,Uc{h\RQ^O2m?U^\Cc_smMQpu_)£Mr8`c{hO¤Ss¢=?emcOdO2bgc{^O<Q^Q^noqsm+ORQvU.Q^qsn UY`cmcOd_sp¦UhO2{hmM_
Uhn Ł8O15´tKMqsn b mcq8mg\UhO2{hNPn mcnuQvU^O 7O2m?U^{hOCO2bwM{^O<Q^Q^n q8mMQR¥`cmcOC¨©q8mMt­Uhn q8m c{hn NPn U^noŁsOﬁﬀ _sccponoy?`c\ROd¤`cmcO
O2bgc{^O<Q^Q^noqsm­`cmYmg6`Mcp O2Uﬂ¥« Obgc{hORQhQ^n q8mMQ2­q8`QvnoNPcpoO2NPO2m?U`MmcOgq8mcmc\2Oﬃﬂﬀ¨©qs`M{^mcnoO|ORmO2m?U^{h\2O8¢<ORQ
nocO2mg
Uhn¦£:t2_UhO2`c{QgO$gqsmMmc\2O<Q2gy?`cn_aMM_a{^U^noO2mcmMO2m?U.p6« ORmMQvORNYxcpoO 
% 
gc{hO2mcmcORm?UpoO2`c{QŁ_apoO2`c{Qc_amMQ`Mm
cqsN_anomcO"! #%$'& $5 U,fwOlgOegq8mcmc\RORQ"7­¢8~
ORQ|¨©qsmMtU^noqsmMQG5©O2mQvORNYxcpoO)(
;'ﬃ
7­wQ^qsm?UQvq8n¦UgORQQvOR{^ŁwnutORQ
M{^noNPn¦Uhn¦¨´QRQ^qsn UYgORQ$U^{_an U^O2NPORm8UQtponoO2m?UR¢ﬂ~
_¤tq8mMQvU^{h`Mt­Uhn q8m+³ ﬁ?°OR{^NPOUYcOCM_a{^Uh_srsOR{lpoORQY{^\<Qv`Mp¦U_UhQ
*,+.-0/1/2/1-3*04
cOYQvq8`MQ]O2bgc{^O<Q^Q^noqsmMQﬀy?`M_smMtORpo_CORQvUemc\Rt2ORQhQ^_sn {hOs¢EOpo_smcr8_srsO$:O2{hNPOUl« O2bwM{^noNPO2{eQ^n N
Mp ORNORm?UWpu_dtq8NPq?Qvn U^noqsmgOQvOR{^ŁwnutO<Q2p O.M_a{^Uh_srsOgO.{^\<Qv`cp Uh_aUeOUTpoO.tKcq8n¦b)mcqsmc¡g\2U^OR{^NPnomcnoQvU^O8¢ |m
t2OeQ^O2mMQRamcq8`MQ_scc{hqwtKMqsmMQ§g`:qs`MŁsqsno{¥« Obgc{hORQhQ^n q8mPcORQ§pu_amcr?_ar8ORQ
	ﬂ! >
cO MqaUQgOWgqsmcmM\2ORQB0ﬀP46¢
5 H H7685:9;5=<>ﬀ?5=< @5
-A/2/1/2-
5 ﬁ<BﬂC<³ ﬁ?°
*,+,-0/1/2/1-3*04
DE5GF@HI5=<
*
qKJ ﬀMLI(
;'ﬃ
6ON
ﬂﬃ3
!"POQ9i Yﬂ
OUﬂRLS
 
TVUXWZYS
Jﬁ[
% ﬂ r	"Y%
@ \ﬁ]_^a`b
~
ORQﬀ_aMcp nut2_aU^noqsmMQﬀcOTt2qsNPNPO2{tOl\2poORtU^{hqsmcnuy?`cOl¨©qs`c{hmcnuQ^Q^O2m?UﬀgO$mcqsN.xc{hO2`gbdQ^O2{hŁwnot2ORQtq8NMp O2bwO<Q2
_a{ﬂObgO2NPcpoOp O<Q{h\RQ^O2{hŁ_Uhn q8mMQt2qsN.xcn mM\2ORQﬂ¥« _HŁwn q8m <Uh{h_sn m KcqaUhO2p6¢Reqs`MQtq8mMQ^nog\R{^q8mMQnot2n?`Mm.O2bwORNPcp O
cOTQ^:\Rtn £tR_U^noqsm¤gO$Q^O2{hŁwnot2OTt2qsNPcpoObgO$QvOT{_ac:qs{^Uh_sm?U_s`gb_stU^noŁwn¦Uh\RQﬀ¥« `cm¤Q^t2n ORm?U^n £y?`cOs¢?em¤tpon ORm8U
Q^qs`MKM_an U^O{h\Rt2`c\R{^OR{gORQ{h_scq8{vUQ$gOC{hORtKcOR{htKMO_a{h`MQ$c_amQ$`cm pu_ax:qs{_U^q8n {hO 5©¢ Ob¥¢I+,WZf+G7¢
 
p6« _anugOCgORQ{^O<y8`8U^O<Q ﬂ
+
OUﬂdcs
n pn m?U^OR{h_srsn UTU^qs`cU.¥« _ax:qs{ _HŁ8ORtPgOR`gb Q^O2{hŁwnot2ORQ egfhei$'fkj
+
O2Ulegfhei$Xfj,c
poqgt2_s`gbY$Qvq8m + m?U^{_amMOUB5©¢ Ob¥¢axMn xcponoqaU^KMLRy?`cO 7s_£mgOﬀ{h\Rt2`c:\2{hO2{§gO2`cbYp nuQvU^ORQR¢s~
ORQ§gq8mcmc\2O<Q
ﬂ
+
O2Uﬂc
:O2`MŁsO2m?Ut2qsm?U^ORmcno{
gORQ
{^O<y?`98UhORQ
c`TU,f?:O

gq8mcmcO |NPqsnspu_ﬀponoQvU^OgORQgO2{hmcnoL2{hORQ¥M`cxcponotR_U^noqsmQnom8UhO2{hmcORQ
cO2c`cnuQﬂU^ORp poOc_UhO ¥¢Hz§_a{ObgORNMp O8atORQﬂponoQvU^O<QObgKM_s`MQ,Uhn Ł8ORQ{^\<t`c:\2{h\2O<Qt2qsm?U^noO2mMmcO2m?U§{^O<Qv:ORtU^noŁsORNORm?U
poORQgO2{hmcnoL2{hORQ§_a{h`gU^noqsmMQc_amMQp O<Q§UhKcL2NPORQrs\Rmcn Oep q8rsnutnoO2pcO2U{^\<QvO<_a`8tpu_sQhQv\RORQ§M_s{_a`cU^O2`M{hQOU|Uhn¦Uh{^O<Q2¢
,l_amQY`cm QvO<tqsm U^O2NPMQR§tO<QponoQvU^O<Q.Q^qsm?UY£p¦Uh{^\RORQO2U.¨©`QvnoqsmcmM\2ORQ.p6« _snocOg` Uh{h_sn¦UhO2NPO2m?U:ﬀmfk$'n
*
8
c\£MmcnEM_s{poOlt2p noO2m?U<8:qs`c{Q^\2poORt­Uhn q8mcmcOR{M_s{NPqaUQ, tpo\RQp O<Qgqgt`cNPO2m?UQy?`« n pEQ^qs`cKM_sn¦UhO]Uh\2po\RtKM_s{^r8O2{<¢
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	

O<Qdgqgt2`cNPO2m?UhQQvq8m?UQv`M{dpoOªQ^O2{hŁsO2`M{dgnuQ,U_am?Ug` po_sxq8{h_aU^qsno{hOs|_a`A¨©qs{hNP_aUdzq8QvUgt2{^nogU<¢w`M{tO
Q^O2{hŁsOR`c{<­`cmc{hO2NPnoO2{
Q^O2{hŁwnot2O§c{^noNPn¦Uhn¦¨ eifein 

¨©q8`c{hmcn¦UgORQ£tKcnoO2{QnJ

O2m$¨©q8mMt­Uhn q8mgORQtKM_aNPMQ
_s`gU^OR`c{Q HU^n U^{hORQT¨©q8`c{^mMnoQR¢=?em Q^ORtq8mM Q^O2{hŁ?nutO
	d¨©qs`c{hmcn U.poORQ$£:tKcn OR{hQYzq8QvUgt2{^nogUR¢c?]mU^{_an U^O2NPORm8U

j
*
		8wORQvU`cU^nop nuQv\Tc_smMQp=« n m?UhO2m?U^noqsmgOTp noNPn¦UhO2{p OWU^{_£:teORmcrsORmMg{h\eM_s{poOWU^\2po\RtK_a{hrsO2NPORm8U<¢gO
Q^O2{hŁwnot2Olt2qsNPcpoObgOTOR`gU 82U^{hOl{hO2M{^\<QvORm8Uh\W_a{ﬀp6« O2bwM{^O<Q^Q^n q8m_sxMQ,Uh{h_sn¦UhOlQ^`cnoŁ_am?U^OKH
³ ﬁ?°
* +
D ﬀmf$Xn
*
 @eife $Xfj
+
ﬂ
+ -
egfhei$Xfj c ﬂ c VF'H  egfhegn 
ﬁ* + -
j
*
		 	
* +
 
+ pWOR`gUvk8Uh{^O¤{hO2c{h\RQ^O2m?Uh\_a{CpoOgnu_ar8{h_sNNPO¤gO MqsUgOgq8mcmc\RORQCgOpo_ £Mr8`c{hO¤Vc¢~
Otpon ORm8U
M{^q8q?QvO.p O<Qlcqsmcmc\RORQ ﬂ
+
O2U ﬂcPy?`cn§Qvq8m?UlnomMg\RORmMc_aNPNPO2m?UTU^{_an U^\RORQlM_s{ eife $Xfj
+
O2U egfhei$'fj,c:qs`c{
M{^qgg`cno{hO`cmit2qs`ccpoO)gO){^\<Qv`cp Uh_aUhQR¢|]qsU^qsmQ2§M_s{PObgO2NPcpoOs|y?`cO)poOUh{h_sn¦UhO2NPO2m?U ﬀmf$Xn
*
¤gq8n¦UN8Uh{^O
_sccponoy?`c\¤_sc{^L<QPp O<QCQ^O2{hŁ?nutO<Q:egfhei$Xfj
+
OU egfhei$'fj,cH¢|z§_a{Ctq8m?U^{hOs|_a`t`cm qs{g{hOm
« O<Q,UC{hORy?`cnuQO2mwŁ8O2{Q
p6« _accponut2_Uhn q8mcORQﬀQ^O2{hŁ?nutO<Qegfhegn 

O2U	8¢
d2
d1
OUTIN
f
f(E1[]...[]En)
f
f(E1,...En) f(g(E))
fgf
let (r1,r2)= f(E1) in E2
biblio1
biblio2
filtre
ps compress
bibtex
TVUXWZYEV
J
 F   $#6	ﬂﬂﬃ3
!"!"  F
ﬁﬀ 
	ﬃﬂ
Z	 ﬂ? 
~
Oªxc`cU)g` po_smcr8_srsOt2qsmMt2{^O2UO<Q,U)gOª{hO2mg{^Oªp O+tKcq8n¦bAgO<Qdnom?U^O2{_stU^noqsmMQdObgcponot2n¦UhORQ:qs`c{po_
NPnuQvOORm

`cŁw{^Og`Q^O2{hŁwnot2OtqsNPcpoObgO8¢ |mtOCQ^O2mQ2nopQ^O{_acc{hqgtKcO¥« `cm NPqwcL2poOC¥« O2bg\Rt`cU^noqsm¢
?emcOObgc{hORQhQ^n q8mªtq8mMt{hLUhO 5´Łsq8n {T£Mr8`c{hOP7WORQvU`cmcOQv\<y?`cO2mMt2OgOCtq8mMQ,Uh{^`t­U^noqsmQl³ ﬁ?°s¥qKJ tKM_8t`cmMO
{hO2M{^\<QvORm8UhOdO2bwMp nutn U^ORNORm?U`cmMOnom?U^OR{h_8t­U^noqsm
¢ﬂ~
ONPqggO)¥« n m?U^OR{h_8t­Uhn q8m:O2`gUN8Uh{^O`cmcOnom?Ł8qgt2_Uhn q8m
cnoQvUh_sm8UhOs`cmcO\RŁH_sp `_U^noqsm¤CcnoQvUh_smMtOq8`¤`cmcONPnors{_Uhn q8m)« _srsO2m?U<¢?]mcO.{^ORc{h\RQ^O2m?Uh_aU^noqsm`cmcn ¨©qs{hNO
O<Q,UW`gU^nop nuQ^\2OY:qs`M{WpoORQen m?U^OR{h_8t­Uhn q8mMQ2¢:~O<Q]nom?Ł8qgt2_Uhn q8mMQ]gnuQvUh_am?UhORQ]O2UWpoORQW\2Ł_apo`M_aU^noqsmMQ]cnoQvUh_sm8UhORQlQvq8m?U
_sn mQvn¥{hO2c{h\RQ^O2m?Uh\2ORQtq8NPNOcORQŁsOR{hQ^noqsmMQg\2r8\2mc\R{^\RORQ¥« _ar8O2m?UhQR¢ ﬀ£Mm¤gOT{hO2c{h\RQ^O2m?UhO2{p O<QM_a{tq8`c{Q
Q^\Ry?`cORm?U^noO2puQ$¥« _srsORm8UQ2¥mMqs`MQ$_HŁ8qsmMQTtKcq8noQ^n|¥« `gU^nop nuQ^O2{poORQt2qsm?U^nomw`M_Uhn q8mMQ;0 S 34O2U`cmcOc{hn NPn U^noŁsOCgO
NPnors{_Uhn q8m¢~|« `gU^noponoQh_Uhn q8m+cORQt2qsm?U^nomw`M_Uhn q8mMQTmcqs`Q$OR{^NPO2U.¥« O2mMt2qwcO2{$p6« q8{hg{hO¥« _accponut2_Uhn q8m gORQ
m=my^z9{| QD}
  
%ﬀﬃ3&	
Q^O2{hŁwnot2ORQOUﬀUh{h_sn¦UhO2NPO2m?UhQR¢g~O<Qqs:\2{_U^noqsmQQ^OWU^{hqs`cŁ8O2m?U_sn mQvnQ^\Ry?`cORm8Uhno_sp nuQ^\2ORQO2U¨´_8tnop n U^ORm?UpoORQﬀ_smM_
pofgQvO<QY`Mp¦Uh\2{hn OR`c{^O<Q2¢c?]mMOd¨©q8mMt­Uhn q8mg`mMn Ł8OR_a` tqsmt{hOURªpo_ªgn¦¬E\2{hO2mtO)gORQY¨©qsmMtU^noqsmMQPg` mcnoŁsOR_s`
_sxMQvU^{_an URM`cU^nop nuQvO.O2mMp `MQW`cm_s{^r8`cNPO2m?Uetq8m?U^nom?`_U^noqsm  5©pu_dQ^\Ry?`cORmMtOYcORQe¨©qsmMtU^noqsmMQly?`cn
{hORQvU^ORm8U
 8Uh{^O¤_sccponoy?`c\RORQ"7­§_acMp nuy?`c\¤_a` {^\<Qv`cp Uh_aUPcO)Q^qsm \2Ł_apo`M_aU^noqsm Q^`c{poORQPgq8mcmc\2O<Q2¢O<Q.¨©qsmMtU^noqsmMQ
_scM_s{vUhn ORmcmcO2m?U]p6« ORmMQ^O2NYxMp O 
*
f  fknf s¢M~_PŁsOR{hQ^n q8m¤z 5
' Y

(
P	"	
N

7ﬀ¥« `cmcO
¨©q8mMt­Uhn q8m _sxMQ,Uh{h_sn¦UhOﬁﬀﬂﬂU^ORp poO)y8`MO ﬀCﬂ D ﬂ
	=ﬂO<Q,UP`cmcO¨©q8mMt­Uhn q8m ﬀ UhO2pop O)y?`cO ﬀ  ﬂ D   ﬂ	6¢
,WO2`cbC¨©qsmMtU^noqsmMQ_a{^U^nut`cpon LR{^O<QQvq8m8Uﬀnom?U^{hqwc`cn¦UhORQR¢c~
_.c{hn NPn U^noŁsO%j Tc\2mcqsU^O$pu_YNPnors{_U^noqsmg`¤Qvn U^O
f]_s`ªQ^n¦UhO¢/+ p§O<Q,U$gqsmtYmc\<tO<Q^Qh_ano{^O8:tOmcnoŁsO<_a`ªcOQ^\<tn £t2_aU^noqsm¥gOt2qsmcmM_.oUh{^O.po_poqwtR_aponoQh_Uhn q8m
cORQﬀgn ¬:\R{^ORm?UhQﬀQ^O2{hŁ?nutO<QOU]g`¤tponoO2m?UeQv`M{ﬀp O<QﬀQvn U^O<Q2¢ceqs`MQ`gUhn ponuQvq8mMQﬀ`cmO2mwŁwn {hqsmMmcO2NPO2m?UﬀM_s{vUhnot2`cp noO2{
y?`cntq8m?U^noO2m?Ult2OUvUhO.Łw`cO.{^\<QvO<_a`Q^qs`MQWpu_¨©qs{hNPOY¥« `cmr8{h_scKcO8¢~
_C¨©qsmMtU^noqsm BﬂdU^OR{^NPnomcO.p6« \2Ł_apo`M_
Uhn q8m « `cmMOnom?U^OR{h_8t­U^noqsm
¢ ~
_+Qv\RN_am?U^nuy?`cOcORQObgc{hORQhQvnoqsmQ.t2qsmMt2{^L2U^ORQ 5©£Mrs`c{hO7.ORQvU{^ORpo_aU^noŁsO
5 H H76³ ﬁ8°
*.+ -A/2/1/2-* 4
ZD  F'H 5 <ﬀ
  H H76 ﬀﬁ  <ﬂjﬃ ! ﬃ#"$  < %Bﬂ
 H H76 
+ -A/2/1/2-

4
ﬁ<BﬂC<
*
qKJRﬀ L 
*
f  fknf 
-
fﬂ

L N
w
OU"ﬂ L 
% 
TVUXWZY:
Jﬁ[
 ﬂ;!M% !ﬂiﬂ
`MmORm?Łwno{^q8mcmcORNORm?U  y?`cn_sQhQvqgtnoOT.`MmnugO2m?Uhn¦£tR_UhO2`c{ 5=ta¢ ¡a¡¥¢ccqsmcmc\ROscQ^O2{hŁwnot2OWq8`dUh{h_sn¦UhO2NPO2m?U"7
Qh_Yc\£Mmcn U^noqsmd¨©qsmMtU^noqsmcmMO2pop O8¢cO2UORmwŁ?no{hqsmcmcORNPO2m?URwpu_.cn¦¬E\2{hO2mMt2OlcOWp6« ORmwŁ?no{hqsmcmcORNPO2m?Ug`mcnoŁsOR_s`
_sxMQvU^{_an URtq8m8Uhn ORm?Upu_lg\£MmMn¦Uhn q8mPcORQ¨©qsmMtU^noqsmMQ§Q^qs`Q
¨©q8{^NPOﬀgOﬀtq8m?U^nom?`_U^noqsm
¢H~
ORQ§gq8mcmc\RORQﬂr8_s{hgORm?U
poO2`M{hQnom?U^O2{hc{h\U_U^noqsmQ_sxMQvU^{_an U^ORQR¢c~|« nom8UhO2{hc{h\Uh_aU^noqsm)tq8mMt{hLUhO&('ﬀ« `cmMO$Obgc{hORQhQvnoqsm 5´t2qsmMQvU^{h`Mt­Uhn q8m
³ ﬁ?° 7ORQvU]`MQ^`cO2pop OTO2UeQvOT{_UvU_stKcO$p6« \<y8`Mn Ł_apoO2mtOKH
³ ﬁ?°
*
DC5
+
F'HI5
c*)
,+
*,/
5
c
h5
+
zqs`M{WtKM_8y8`MOYQv\<y?`cO2mMt2OYgOY¨©qsmMtU^noqsmMQW¥« `MmcOYnom?U^O2{_stU^noqsm 5´t2qsmMQvU^{h`MtU^noqsm G7p6« n m?U^OR{^M{^\2Uh_Uhn q8m-.'
t2qs{h{^O<Qv:qsmpu_0/¥¡{^\<g`MtU^noqsmgO<Qﬀ¨©qsmt­U^noqsmQeQ^qs`MQ¨©q8{^NPOgOtq8m8Uhn mw`M_aU^noqsmMQR¢c~|« _aMcp nut2_aU^noqsm¥« `cmcO
¨©q8mMt­Uhn q8m1%jORQvUemcOR`gU^{hOYg`¤:qsnom?UWgOŁw`cOQ^\2N_sm8Uhnoy?`cO8¢ |m¤O2¬:O2URp O<Q]NPn r8{h_aU^noqsmMQmMOYtKM_amMrsO2m?U]ORm
{hnoO2mpoORQW{^\<Qv`Mp¦U_UhQl¥« `cmªQ^O2{hŁwnot2OYtq8NPcp O2bgOsEy8`
« nopﬂQ^qsn UW{h\R_sp nuQ^\YO2mp qgt2_spq8`Q^`c{lcORQlQvn U^O<QWgnuQvUh_am?UQ2¢
Jqs`cU^O¨©q8noQRatO<Q§c{hn NPn U^noŁsO<Q§gOﬀNPn r8{h_aU^noqsm.U^{hqs`cŁ8O2{hqsm?UUhqs`gU|poO2`M{QvORmMQ|c_smMQpoORQ§nom?U^O2{hc{h\U_U^noqsmQmMqsmg
¨©q8mMt­Uhn q8mcmcORp poORQR¢g~|« nogORm?U^n £t2_aU^O2`M{cOeUhO2{hNnomM_snoQ^qsm¥« `MmcOTn m?U^OR{h_8t­Uhn q8m15BﬂF7O<Q,Unom8UhO2{hc{h\U^\Ttq8NPNO
p6« nogORm?U^n U^\sgO2U¨©qs`c{hmcn Uﬀ_sn mQvn¥ORm{h\RQ^`cp Uh_UpoORQﬀgq8mcmc\2O<Q£MmM_apoORQﬀQ^`cn U^O$.p=« n m?UhO2{_st­Uhn q8mgta¢ ¡a¡¢?poO$Q^_8tW
cq8QO2mU^OR{^NPOgOcqsmcmc\RORQﬀgOTp6« _srsORm8U<¢c~|« n m?UhO2{hc{^\2Uh_aU^noqsm32
'
q8`c{ﬀp O<Q]gq8mcmc\2O<QORQvU]Q,U_amMc_s{h¢
]£Mm cOgq8mcmcO2{p6« nom?U^`cn U^noqsm gOt2OU^U^O)Qv\RNP_sm?U^nuy8`MOsﬂp=« Obgc{hORQhQvnoqsmt2qsmMt2{^L2U^OQv`cnoŁ_am?U^Oc{hqs:q8Q^O
`MmcO$n NPcpo\2NPORm8U_Uhn q8m:q8QhQvnoxcpoO$g`¤QvOR{^ŁwnutO$tq8NMp O2bwOTc{h\RQ^O2m?Uh\Wc{h\Rt2\RgORNPNORm?UR¢
³ ﬁ?°
*.+
D4j
'5 6
 eife $Xfj
+
7j
68 '
Bﬂ   ﬂ
+
F'H
³ ﬁ?°
*
cD4j
'5 6
 eife $Xfj,c 7j
68 '
Bﬂ   ﬂdc F'H
³ ﬁ?°
*%9
D ﬀmf$Xn
*
 Bﬂ 
*.+ -*
c VF@H
³ ﬁ?°
*%:-3*%;
D<j='5 >  egfhegn 

 	 

j
*
		 7j?>7 ' Bﬂ    
*
9
F'H 
*$:d-*;

n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
O
&('  5

ﬂ' 5    #nh#
& '  ³ ﬁ?° 
*.+ -A/2/1/2-* 4
D  F'H 5   6 + 
*,+,-0/A/0/A-* 4

/
& '  5   - '   	   72 '  
    
& '  
   6 2 '    
- '  ﬀ 	   6  ﬀ - '     
- '  j ﬃ   ﬃ "    6 - '   	  
- '  Bﬂ   6 + ﬂ
/
ﬂ
2.' :5

ﬁﬃ 5    #nh#
2.'   
+ -0/1/2/1-

4
   6 72.'   
+
  
-0/1/2/2-
2.'   
4
  
2.'   ﬂ   6  ﬂ
TVUXWZY
J
N
(ﬂ %Y$#r	   M	"	
	 !"% !ﬂw	
,Wn¦¬E\2{hO2m?UhORQ]noNPcpo\2NPO2m?Uh_aU^noqsmMQWQvq8m?U]q?Q^Q^n xMp O<QeQ^`cn Ł_sm8Uly8`MOp=« qsm)`gUhn ponuQvOgORQW_arsORm?UhQqs`cORQ]nomg
Ł8qgt2_Uhn q8mMQecnoQvUh_sm8UhORQR¢~« O2bwM{^O<Q^Q^n q8m¤c{hqs:q8Q^\2O{hO2c{h\RQ^O2m?UhO{^O<Qv:ORtU^noŁsORNORm?UWgO2`cbn mwŁsqgtR_U^noqsmQ]gnuQ,
U_am?U^O<QcORQQvOR{^ŁwnutORQ;egfhei$Xfj
+
O2Uegfhei$'fj,c]gOepu_xMn xcponoqaU^KMLRy?`cO5´Q^n¦UhO)e7?`MmcOW_sccponotR_U^noqsmtKcOWp Oltpon ORm8U
5=Qvn U^O

7gO ﬀmf$'n
*
??OUO2mg£mC`cmcOln m?UhO2{_st­Uhn q8mdgOeU,f?:OT_arsORm?UNPqsxcnop OT_HŁsO<tﬀpoORQgO2`gbdQ^O2{hŁwnot2ORQ;egfhegn 

O2U 	8a_HŁsO<t_sccponotR_U^noqsmPgOpu_lt2qsNPc{hORQhQvnoqsm
Hc\2:qs{^U^\2OQ^`c{§p OﬀQ^n¦UhO$Eg`.pu_ax:qs{_Uhqsno{^O8¢O2UvUhO]gO2{hmcnoL2{hO
nom?U^OR{h_8t­U^noqsm¤`cU^nop nuQvOpoO.{h\RQ^`cp Uh_U
*%9
c{hqwc`cn¦UlM_a{lp6« nom?U^O2{_stU^noqsmM{^\<t\RcO2m?U^O8¢Jqs`gU$¥« _ax:qs{¥p6« _arsORm?U
NPnors{hO 57j
'5 >
7ŁsOR{hQ|p OeQ^n U^Oeg`dpo_sxq8{h_aU^qsno{hOsa_HŁsO<tQ^_$gq8mcmc\RO
*%9
OUpoORQ|U^{_an U^O2NPORm8UQ|c{h\RQ^O2m?UQ|c_amQ§po_
t2qsm?U^nomw`M_Uhn q8m 5©nutn

j
*
		P7­¢ |mMQ^`cn U^Os:nop
nom8UhO2{_ar8n¦UW_HŁ8ORt egfhegn 

c`cnuQl_HŁsORt 
	s¢+ pﬂ_sccponoy?`cO._apoqs{Q
Q^qsmdU^{_an U^ORNORm?UQ^`c{p O<Qcqsmcmc\RORQ{hORy?`cnuQvO<QO2U£mM_apoO2NPO2m?U{^O2U^q8`c{^mMOWtKcO WpoOlt2p noO2m?U 57j
>7 '
7_HŁH_sm?UgO
{hO2mg{^Ol`cm¤tq8`ccpoOgOT{^\<Qv`Mp¦U_UhQ65 Bﬂ7¢
   ﬂﬀ"%% Z	
~
ORQq8xg},OUQgO<Qpu_amcr?_arsO<QEQvq8m8U
c\£MmcnuQ
QvUh_aU^nuy?`cO2NPO2m?U<¢R~O§pu_amMr8_ar8O§_axMQvU^{_an UORQvUQ^n NPcpoO|OUOR{^NPOU
« O2bwM{^noNPO2{`cmMO|po_s{^r8O§tpu_sQhQvO§gOQ^O2{hŁwnot2ORQt2qsNPcpoObgORQR¢2~
O§po_smcr8_srsO§tq8mMt{hOU<2y?`cnsO2bwMp nutn U^O§poO§U,fwOgORQ
nom?U^OR{h_8t­U^noqsmQ;5=ta¢ ¡a¡¢:O2bg\Rt`cU^noqsm p qgt2_sp O8En mwŁsqgtR_U^noqsm gnuQ,U_am?U^O8¥\2Ł_apo`M_Uhn q8mªgnuQvUh_am?UhOO2U$Nnors{_Uhn q8m
« _srsO2m?UQM7smcOltqsmQvnugL2{hOﬀM_8QgOWc{^noNPn¦Uhn Ł8ORQgOet2qsNPNY`cmMnotR_U^noqsmORm?U^{hO]p O<Q_srsORm8UQ2¢+ pŁ_cOWQ^qsny?`cO
cO2`gb¤Obgc{hORQhQ^n q8mMQ]c_smMQetKM_8t`cmcORQlgO2`gb¤pu_amcr?_ar8ORQRMQvnﬂO2popoORQet2qs{h{^O<Qv:qsmgO2m?UeC`MmN82NPO.Q^O2{hŁwnot2O
cnoQvU^{hn xM`c\s:Qvq8m8Uﬀ¨©q8mMt­Uhn q8mcmcORp poO2NPO2m?Ue\<y?`cn Ł_sp ORm8UhORQﬀO2UWQ^\<tn £MO2m?UWgq8mMtTpoON82NPOYQ^O2{hŁ?nutO$t2qsNPcpoObgOs¢
?emcOObgc{hORQhQ^n q8mªtq8mMt{hLUhOPORQvUY_apoqs{QTp O{_ﬂﬁmcORNORm?U$« `cmMOObgc{hORQhQvnoqsm _axMQvU^{_an U^O8¢/+ p|ORQvUq?Q^Q^noxcp O
cO{_ﬂﬁmcOR{l_s`gU^q8N_U^nuy?`cO2NPORm8U0 P4|`cmcOPO2bwM{^O<Q^Q^n q8m_axQ,Uh{h_sn¦UhO.ORm`cmcOt2qsmMt2{^L2U^OO2m+tKcqsnuQvnuQhQ^_sm8Ulp O
mMqsNYxM{^O8poORQcpu_st2ORQ¥« O2bg\Rt`cU^noqsm cORQ.U^{_an U^ORNORm?UhQOUPp=« n U^nomc\2{_ano{^O)gO<Q._srsO2m?UQ2¢<+ pﬀORQvU\Rr8_sp ORNORm?U
:q8QhQ^n xcpoO 5´N_anuQt2q gUhO2`gb7.gOrs\2mM\2{hO2{._s`gU^q8N_U^nuy?`cO2NPORm8UU^q8`gU^O<QYpoORQO2bwM{^O<Q^Q^n q8mMQYt2qsmMt2{^L2U^O<Q.y?`cn
noNPcpo\2NPO2m?U^ORm?U]`cmcO$Obgc{hORQhQ^n q8m_axQ,Uh{h_sn¦UhOlgq8mcmc\ROs¢
m=my^z9{| QD}
S<  
%ﬀﬃ3&	
 
 "1Pﬀ0P"1ﬂ
eqs`MQW_HŁsqsmQc{^\<QvORm?U^\mcqsU^{hO$NPqwcL2poOq8`c{epoORQWQv:\Rt2n¦£:t2_Uhn q8mMQ]_sxMQ,Uh{h_sn¦UhORQﬀO2UWtq8mMt{hLUhORQ]cOYQvOR{v
ŁwnutO<Qt2qsNPq?Qvn U^O<Q)_a`AUh{h_HŁ8O2{QdgO+gOR`gbApo_smcr8_srsO<Q2¢ﬀOUvUhO+xM_sQ^O¨©q8{^NPO2popoO Q^n NPcpoO qs`cŁw{hOpu_Ł8qsnoO
 gO<Q_amM_sp fgQ^ORQ.mcqsmg6¨©qsmt­U^noqsmMmcO2pop O<QPy8`MnﬀŁ?nuQ^O2m?UP r8`cnocO2{Pp O¤t2qsmMt2O2gUhO2`c{gO¤Q^O2{hŁ?nutO<Q.cnoQvU^{hn xM`c\RQ
t2qsNPcpoObgORQR¢ﬂO<QY_am_apofwQ^ORQTŁwnuQvORm?U.g\2U^O2{hNPn mMO2{pu_¤:O2{^¨©qs{hNP_smMtO8pu_¤Qv\<t`c{hn¦Uh\COU.po_)£:_axcnop n U^\gORQ
noNPcpo\2NPO2m?Uh_aU^noqsmMQ:q8QhQ^n xcpoORQﬀ« `cm¤Q^O2{hŁwnot2Olt2qsNPcpoObgOs¢
,l_amMQtO2UvUhOQ^ORt­Uhn q8m
mMqs`MQ.c{h\RQ^O2m?U^q8mMQTU^q8`gU« _sxq8{h+poORQYU^{hqsnuQc{hqsM{^no\Uh\RQgOy?`M_apon¦Uh\t2qsmMQ^n¦
c\2{h\2ORQR¢ |mMQ^`cn U^O8Mmcq8`MQﬀc{h\RQ^O2m?U^q8mMQp O<Q]_am_apofwQ^ORQORmwŁ?nuQh_arsO<_axcpoORQORmmMqs`MQ¨©qgt2_sp nuQh_am?UeQv`M{]tO2popoORQ]y?`cn
q8m?Ul`cmªn m?Uh\2{M8UTc{h_aU^nuy?`cOY:qs`c{TpoOt2qsmMt2O2gUhO2`c{lUhqs`gUTO2mª{^O<Q,U_am?UWO2¬:O<t­U^noŁsO<Q2¥t2O2{^Uh_anomcO<Qe\2Uh_am?U<EM_amMQ
pu_N_},qs{hn U^\$gORQﬀtR_sQRwU^{hqs)tq gU^OR`MQvO<Qq8`c{f8Uh{^OT{h\R_sp nuQv\RORQR¢
ﬀ   B 	
X
	
bd
 
ﬁ6¯  Hﬂ² ﬁ
~_ mcqaUhn q8m gO:O2{^¨©qs{hN_amMt2Oy?`cOmcq8`MQdt2qsmMQ^nug\2{hqsmMQCORQvUdO2miUhO2{hNPOgOŁ8qspo`cNPOgO gqsmcmM\2ORQ
\<tKM_amMrs\2O<Q2¢<]qsU^{hOgq8N_anomcOgOŁ_apoO2`c{ﬂORQvUp O<QORm?U^noO2{Q
:q8Q^n¦Uhn¦¨´QRy?`cngQvq8m8Uqs{gq8mcmc\RQ
M_a{ﬂpoORQﬂ{^ORpo_aU^noqsmMQ
t2po_8Q^Q^nuy8`MORQn mc¨©\2{hn OR`c{ﬀOUeQ^`c:\2{hn OR`c{R¢9?emcO$c{hqsc{hno\U^\lORQvUe_sQhQ^qwt2n \ROlPtKM_8y?`cOTqsxg},O2Uﬀc`pu_amMr8_ar8OKH
J
`cmcOgq8mcmc\2O ﬂPO<Q,Ue_8Q^Q^qgtno\2Ol`cmcO$Ł_apoO2`M{RcQh_.Uh_anopop O8cc_amMQ]p O$gq8NP_sn mMOTcORQﬀORm8Uhn OR{hQR¢
J
C`cm QvOR{^ŁwnutOM{^noNPn¦Uhn¦¨ 	.q8`¤U^{_an U^ORNORm?UnﬀORQvU$_sQhQvqgtno\YQh_CQ^n r8mM_Uh`c{^OYO2mUhO2{hNPO.gOYUh_anopop OgORQ
gqsmMmc\2O<QﬀOUWcORQﬀ{h\RQ^`cp Uh_UQ2¢ en mQvn6Pp6« nugORm8Uhn¦£:t2_UhO2`c{

j
*
		q8`c{^{_an UB8Uh{^O$_8Q^Q^qgtno\lpu_Q^n¦
rsmM_aU^`c{hO



gy?`cnQvnorsmMn¦£MOTy?`cOTp O$gqgt2`cNPO2m?UﬀORQvUﬀt2qsNPc{hORQhQvnoxcpoOW¥« `cm¨´_stU^OR`c{ﬀc¢gzqs`c{
`cmU^{_an U^ORNORm?URcnopORQvUﬀ\2r?_apoO2NPO2m?Uﬀmc\Rt2ORQhQ^_sn {hOTgO$p `Mn
_sQhQvqgt2n OR{pu_.Uh_sn pop O$gOQ^qsm)tqggO8MQ^`MQ^t2O2g
U^noxcpoOdgOPU^{_amQvn U^OR{Qv`c{$poOC{h\RQ^OR_s`ªc_smMQ$poOCt2_sQ$cORQ$nom?U^O2{_stU^noqsmMQT_a{_ar8O2m?UhQTq8`+\2Ł_apo`M_Uhn q8m
gnuQ,U_am?U^O8¢
J
Y`Mm j
  
ORQvU_8Q^Q^qgtno\W`MmtqwO ﬁt2n ORm?Uﬁﬀ y?`cnE:O2{hNPOU]gOlNqgg\Rp nuQ^O2{po_t2_sM_st2n¦Uh\lcOWUh{h_smMQv¨©O2{^U
gO$pu_t2qsmcmMObgn q8mORm?U^{hOlpoORQﬀQ^n U^ORQf|OU ¢
ﬃﬂ 
w²s ,F©°<
~
ORQCmMqaU^noqsmQCgOªQ^\Rt2`c{hn¦Uh\y8`MOmcqs`Qdtq8mMQ^nog\R{^q8mMQQ^qsm?UCpo_tqsmc£gO2m?Uhno_sp n U^\O2Udp6« nom?U^\2r8{^n U^\8¢~
_
t2qsmg£:gO2m?U^nu_apon U^\Y:qs{^U^OPQ^`c{Wpu_mcqsmg gnoŁw`cp r?_Uhn q8mgORQlnomg¨©qs{hN_U^noqsmQW_sp q8{hQWy8`MO.p6« nom?U^\Rrs{hn¦Uh\Y:qs{^U^O.Q^`c{
poO2`M{$mcqsmg¡NPqggn¦£:t2_Uhn q8m¢/,W_smMQTpoOCt2_sc{^OPg` tqggOPNPqsxcnopoOs¥pu_M{^qsU^ORtU^noqsm+g`+Qvn U^OK9LsU^OPO2mwŁ8O2{Qlc`
t2qggOPNP_spoQh_anomªt2qsNPNPO2mMt2O 82U^{hO{hO2pu_Uhn Ł8O2NPO2m?UTxcnoO2mªU^{_an U^\2OOU{hO2:q8Q^Opo_s{^r8O2NPO2m?UlQ^`c{gO<QTO2mwŁwn¦
{hqsmMmcO2NPO2m?UQW¥« Obg\<t`gUhn q8mnom8UhO2{hc{h\U^\<Q2¢
ORORmMc_am?U<EQ^qsm g`M_spQh_HŁsqsno{epu_c{^qsU^O<t­U^noqsmªgORQT_ar8O2m?UhQ
ORmwŁsO2{Q|gO<QQ^n U^ORQK9LaUhORQN_apon m?U^ORm?U^noqsmcmc\<Q|O<Q,UO2mMt2qs{hOﬀp q8n md« _HŁ8qsno{§U^{hqs`cŁ8\egO<QQ^qspo`gU^noqsmMQQ,U_amMM_a{gn¦
Q^\2O<Qf0oS< 4¡¢8eqs`MQmcqs`MQ|n m?U^\R{^O<Q^Q^qsmQ§gqsmMte_a`QvO<tq8mMt2_8Q2¢azq8`c{tORpo_Mamcq8`MQt2qsmMQ^noc\2{hqsmMQ§Q^n NPcpoO2NPORm8U
cO2`gb)mcnoŁsOR_s`gb¤gOYQ^\Rt`M{^n U^\YM_amMQep OgqsN_anomcOKHQ c{WOUlmcqsmg Qc{R¢~|« _acc{hqgtKcOQR« \2U^O2m)¨´_st2n poO2NPO2m?UW
Uhqs`gUeU^{hO2nop ponoQegOQv\<t`c{hn U^\s¢ ]`¤N82NPO$Uhn¦Uh{^Oy?`cO:qs`M{]po_P:O2{^¨©qs{hN_amMt2OscgO<Q]c{hqsM{^no\Uh\RQﬀgOQ^\Rt2`c{^n U^\
Q^qsm?U]_sQhQ^qwt2n \RORQ_a`cbdqsxg},O2UhQﬀgO$x_sQ^OKH
J
`cmcOgq8mcmc\2O ﬂQ^qsm?U]_sQhQ^qwt2n \<QQvO<Qmcn Ł8OR_s`gbgOt2qsmg£cO2m?U^nu_apon¦Uh\TOUe¥« n m?Uh\2rs{hn U^\s¢
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
S8S
J
`cm QvOR{^ŁwnutOCM{^noNPn¦Uhn¦¨eq8` U^{_an U^ORNPO2m?U.O<Q,UP_sQhQvqgtno\2OQ^_ªQvnorsmM_aU^`c{hOCORm U^OR{^NPOcOdmcnoŁsO<_a`gO
Qv\<t`c{hn U^\cORQYcqsmcmc\RORQ.OUPgORQY{^\<Qv`cp Uh_aUhQR¢ en mMQ^nq8`c{.pu_t2qsmg£cO2m?U^nu_apon¦Uh\s¤p6« nugO2m?Uhn¦£tR_UhO2`c{
egfhei$Xfj
+
:qs`c{h{_an UB8U^{hOY_8Q^Q^qgtno\lpu_CQ^n r8mM_Uh`c{hO

 mcqsmg Qc{Ry8`MnQ^n r8mcn¦£Oy8`MOYy?`cO2puy?`cOYQ^qsn Uep O
mcnoŁsOR_s`gOTtq8mg£gORm?U^nu_apon¦Uh\lgOlpu_.gq8mcmc\ROW{hO  2`cOs?p OT{h\RQ^`cp Uh_UQvOR{h_Ymcqsmtq8mg£gORm8Uhn ORp=¢wzqs`M{`Mm
U^{_an U^ORNORm?UREn p§O<Q,UT\2r?_apoO2NPO2m?UTmc\Rt2ORQhQ^_sn {hO.cO.po`cn|_sQhQ^qwt2n OR{epoORQlmcnoŁsO<_a`gbgOPQ^qsmªt2qggOQ^qs`M{ht2O
Qv`Q^t2O2gUhn xcpoOgOTUh{h_smMQvn U^OR{ﬀQv`c{ﬀpoO${h\RQ^OR_a`
¢
J
d`Mm j    ORQvU$_8Q^Q^qgtno\Y`cmªmcnoŁsOR_s`ªy?`cn{hO ML2U^Opo_Qv\<t`c{hn U^\PgO.pu_tqsmMmcObgnoqsm 5´¢ Ob¥¢¥t{hf?cU^\2O
qs`)mcq8m7­¢
J
`cmQ^n¦UhO fQvq8m?U_8Q^Q^qgtno\RQp O<QmMn Ł8OR_a`cbdy8`MnEQ^qsm?UﬀN;8RNPOT« 82U^{hOW{hORQ^O<t­Uh\RQq8`c{p=« Obg\<t`gUhn q8m
g`¤tqggOgO<Qﬀ_ar8O2m?UhQﬁ5©mMn Ł8OR_a`cbgOtq8mg£_smMtOP7­¢
 
F   F´³@F©°R
~
ORQN\<t2_smcnoQ^NPORQgOUhqspo\2{_amMt2ORQC_s`gb ¨´_s`gU^O<Qd:qs`M{poOZﬀzQvq8m8UNP_sn m?UhO2mM_sm8UO ﬁCt2_8tO2NPORm8U
Uh{h_sn¦Uh\RQR¢,l_amMQp Olt2_8QgO<Q_ar8O2m?UhQRsgO<QM{^q8xcp LRNPORQ§mcq8`cŁsO<_a`gb_aMM_a{_anuQ^Q^O2m?U|tR_a`MQ^OegO<Q|NPn r8{h_aU^noqsmMQ
5´\U_a:ORQYcOCt2_aput`Mp&7¢
zqs`c{._sQhQv`c{hO2{$pu_¤tq8m?U^nom?`Mn¦Uh\dg`Q^O2{hŁ?nutOt2qsNPcpoObgOC{h\R_aponuQv\PM_s{`cm_ar8O2m?UR
n p
O<Q,U|mM\RtO<Q^Qh_ano{hOcOﬀ{^\Rcp nuy?`cO2{§poO2`M{hQ|_8t­Uhn q8mMQ§Qv`M{|cpo`MQvnoO2`M{hQ|Q^O2{hŁsOR`c{QﬂcnoQvU^nomMt­UQ2¢?jl{^q?Q^Q^n LR{^ORNPO2m?URagOR`gb
QvU^{_Uh\2r8n O<QcOl{h\2Mp nut2_aU^noqsm)Qvq8m8Uﬀ`gUhn ponuQ^_sxcp O<QaH
Ss¢po_+{h\2Mp nut2_aU^noqsmi_stU^noŁsO 0 S OP4WqJ tKM_8y?`cO)\Uh_sO f.gOtR_aput`cp6|p6« _srsO2m?UCO<Q,UCO2bw\<t`gUh\QvnoNY`Mp¦
Uh_smc\2NPO2m?U.Q^`c{  N_8tKcn mMORQgnuQvU^nomMt­UhORQR¢=?]m Qvn U^Od« `cmMOC\U_a:O fWcnoQ^q?QvOgORQ._arsORm?UhQ_Hf?_am?U
O¬EORtU^`c\<Q§p=« \U_a:OVfs¢%?]mŁsqsU^O:O2{hNO2UgOmcO]tq8mMQ^O2{hŁsO2{y?`« `cmQ^O2`MpcgORQ|_srsORm8UQﬂ{^O  `MQﬂ:qs`c{
p=« Obg\<t`gUhO2{TQv`c{Wp OQvn U^OYK9LaUhOs¢]c{hLRQWObg\Rt2`gU^noqsm
tO2Ul_srsO2m?UeO<Q,Ul{^\Rcponoy?`c\:qs`M{ 8Uh{^OYU^{_amMQ^NPnoQ
_a`gbQvn U^O<Q]gOTp=« \U_a:O fs¢
Vg¢po_){h\2Mp nut2_aU^noqsm_sQhQvnoŁsO 0 VgSa§S8S4qKJ

)tKM_sy?`cOP\U_a:Os¥`cm _srsO2m?U$NPqsxcnopoOO<Q,U{h\2Mp nuy?`c\PO2m 
ObgO2NPcpu_ano{hORQRNP_snoQ`MmcOﬀQvOR`cp O]cORQ d{h\2Mp nuy?`cORQO2¬:O<t­U^`MOﬀp O]tR_aput`cp6¢a~O<Q 	ﬀ_a`gUh{^O<Q{^\Rcp nuy?`cORQ
Qvq8m?UlM_8Q^Q^noŁsORQeOUTmcOc{^ORmcmcORm8Ulpo_{hO2poL2ŁsOy?`cO.Q^npo_{^\Rcponoy?`cO_st­Uhn Ł8O.g\2¨´_anop poO 5©`gUhn ponoQh_Uhn q8mªgO
U^{_amMQh_stU^noqsmMQ"7­¢
zq8`c{ﬀp O<Q]_ar8O2m?UhQRcmcq8`MQmcq8`MQﬀnom8Uh\2{hORQhQvq8mMQﬀ_a`cbNP\RtR_amcnuQvNPO<QﬀtqsmQ,Uh{^`cn UhQeQv`c{ﬀpoORQeQvn U^O<QeQ^O2{hŁsO2`M{hQﬁ5©nomg
ŁwnuQvnoxcpoORQ_a`gbC_srsO2m?UQO2Ug\RŁsORp q8cOR`c{Q¥« _ar8O2m?UhQ"7­¢w~OlgqsN_sn mcOTgOlŁ_apoO2`c{y?`cOemcq8`MQ`gU^noponoQ^qsmMQ:qs`c{
pu_$£:_axcnop n U^\;0oSRP4QR« _scc`cnoOWQ^`c{p=« _acM{^qgtKcOecOTg_s{^nuc_ ?nuQB0oSR4¥y?`cnU^{_an U^OTgOWpo_YU^q8p \R{h_smMtOe_s`gbP¨´_a`gUhORQ
:qs`M{lpoORQTnom?U^OR{h_8t­U^noqsmQWgOU,fw:OZﬀzW¢ﬂOU^U^O_acM{^qgtKcO.\Uh_sxcpon¦U$`cm+Q^tKM\2N_cOPt2po_8Q^Q^n £t2_aU^noqsmy?`cn
tR_agUh`c{hOpoORQT{hO2pu_Uhn q8mMQTgOP{h_ﬁmcO2NPO2m?UgO<QTc{^q8c{hn \2U^\RQTgOP£:_axcnop n U^\8¢~O<QTN\<t2_smcnoQ^NPORQ$gOP{h\2cponut2_
Uhn q8mc{hqsc{hORQe_a`gb¤_ar8O2m?UhQ 0 S OgEVcSaﬂSsS4§_sQhQv`M{^ORm8U<MORmM_a{^U^noOspo_dc{hqsc{hn \2U^\ﬀmf#ei$YOUTgnoQ^:q8Q^O2m?UlgO
NP\<t2_amMnoQ^NPORQ§Q^\<tn £y?`cORQ§_a{§{_ac:qs{^U$t2O2`gbPg`ZﬀzW¢?O2UvUhO]c{hqsc{hn \2U^\_sQhQv`M{^Oﬀy?`cOﬀp6« \2Uh_U_aUvUhO2nom8U
_sc{hLRQl`cmcOP¨´_s`gU^OPnomMtpo`gU`cm+\U_Uy?`cn_s`c{h_sn¦U$g` 8Uh{^O_aUvU^ORn m?UYQh_amMQTt2OUvUhOP¨´_a`gUhOs¢ p poO{^ORq?QvOPpo_
¨©q8noQﬀQ^`c{ﬀpoORQc{hqsM{^no\Uh\RQﬀgO$g\2U^ORtU^noqsm)OUecO$NP_8Q^y?`M_srsO8¢
eqs`MQc{^q8q?Qvq8mMQ§¥« `gU^noponoQ^O2{`cmO2mMQ^O2N.xcpoO]gOetO<Q|c{hqsM{^no\Uh\RQ§gOﬀ£:_axcnop n U^\eqKJp6« \Rp \RNORm?UNPn mcnoN_ap
O<Q,Ulp=« _axQvORmMtOYcOYNP\RtR_amcnuQvNPO.NnuQWO2m

`cŁw{hOsOUWpoOYN_abwnoN_apORQvUWpu_Cc{hqsc{hno\U^\ﬀmf#ei$ 8¢?]mN8RNO
NP\<t2_amMnoQ^NPOegqsn U82U^{hOe`gUhn ponuQv\lQv`c{U^q8`gUp6« n¦Uhn mc\R{h_sn {hOe¥« `cmd_srsORm8Uq8`c{r?_a{_am?U^no{|pu_$c{hqsc{hno\U^\)ﬀmfk#ei$ ?¢


m)_sQhQ^qwt2n OTQ^n NPcpoO2NPO2m?Ue_s`gbQ^n¦UhORQﬀpu_c{^q8c{hn \2U^\Ttqs{h{hORQ^q8mMc_am?Uﬀ_a`gbN\<t2_smcnoQ^NPORQnoNPcpo_sm?U^\RQR¢
m=my^z9{| QD}
SHV  
%ﬀﬃ3&	
ﬀ@    `Z%h Z	  
X
	
b  d_
~
ORQd_smM_apofgQvO<QCy?`cOmMqs`MQdc{^q8q?Qvq8mMQCQ^OxM_8QvORm8UQv`c{p O<QUhORtKcmcnuy?`cORQgOªQ^:\Rtn £tR_U^noqsmiM{^\<t\
cO2m?U^O<QO2UUh{h_sn¦UhO2m?UcORQU^{hqsnuQM{^q8c{^no\Uh\RQgOTy8`_apon¦Uh\s¢g~q8{hQgOlt2ORQ_am_apofwQ^ORQRsmMqs`MQtq8mMQ^nog\R{^q8mMQy?`cO
poOt2qsmMt2O2gUhO2`c{PgnuQv:q8Q^O)c_amMQYU^q8`MQ.p O<QtR_sQgOdp6« Obgc{hORQhQvnoqsm_sxMQvU^{_an U^O 5

w¢	|pop O){hO2c{h\RQ^O2m?UhOCp O
Q^O2{hŁwnot2OﬀtqsNPcpoObgOeT\2U^`Mcn OR{|qs`noNPcpo_sm?U^O2{<¢
 
t2OeQ^O2{hŁ?nutOﬀ_sxMQ,Uh{h_sn¦Ut2qs{h{^O<Qv:qsmgO2m?U|gORQObgc{hORQhQvnoqsmQ
t2qsmMt2{^L2U^O<Ql5

 ' 5=ta¢ ¡a¡¥¢poORQnoNMp \RNORm?Uh_Uhn q8mMQ.q?Q^Q^n xMp O<QM7y?`cnﬀQ^qsm?UP`cm {_ﬂﬁmcORNPO2m?UgO 5

  ¢
]£Mm+¥« O<Q,Uhn NPOR{$po_)y?`M_apon U^\¥« `cm QvOR{^ŁwnutOPtqsNPcpoObgO8:mMqs`MQTf_8Q^Q^qgtnoqsmMQW`cmcOM{^q8c{^no\Uh\cOPy?`M_sp n U^\
 5
	q8`c{ﬀpo_.:O2{^¨©qs{hNP_smMtO8  ' :qs`c{pu_Q^\Rt2`c{hn¦Uh\lq8` 	 6 q8`c{po_.£_sxcnop n U^\P7­My?`cn¥O<Q,Uﬀ`cmcO
Ł_sp OR`c{Wc_smMQ]poOYgq8N_anomcO.gOYpo_M{^q8c{^no\Uh\Ytq8mMQ^nog\R{^\RO 5©poORQWO2m?U^noO2{Q]:q8Q^n U^n ¨´Qe:qs`c{Wpo_COR{v¨©q8{^N_amtOs
`Mm gq8N_anomcO.xMn mM_sn {hOq8`c{Tpo_)Q^\Rt`M{^n U^\OU$pu_C£_sxcnop n U^\P7­¢ ﬀ£m+cOtR_aput`cpoO2{TpoORQlU^{_£:t2QWrs\2mM\2{h\RQlM_a{
poORQnom?U^O2{_stU^noqsmMQ¥« `cmcO)Obgc{hORQhQ^n q8mtqsmt{hLU^O8p OR`c{hQmcnoŁsO<_a`gbgO¤Q^\Rt2`c{^n U^\qs` gO£_axcnopon¦Uh\sn pﬀO<Q,U
mM\RtO<Q^Qh_ano{hOgOYtq8mcmM_.oUh{^Opu_Łw`cOYc`{^\<QvO<_a`:y?`cnt2qsm?U^noO2m?UepoORQWn mc¨©qs{hNP_aU^noqsmMQeQv`c{Wp O<QeQ^n¦UhORQWOUlp OR`c{hQ
ponu_anuQvq8mMQ2?_anomMQ^ny?`cOepoORQc{hqsc{hn \2U^\<QgOly8`_apon¦Uh\e_sQhQvqgt2n \RORQR¢wOU^U^OWŁ?`MOeORQvU{hO2M{^\<QvORm8Uh\2O]Q^qs`MQpo_$¨©qs{hNO
« `cm)r8{h_scKcOW£Mmcn
_smcmcqaUh\s¢
~« _smM_apofgQvOgOxM_sQ^O:qs{^U^OQ^`c{p=« F'H ¡ ﬁ%Hﬂ² ﬁ # ﬁP³ ¥ c³@F©°R #1F=ﬂ³=w ﬁ%HE° g° F´¯mH¢ |popoOt2qsmMQ^nuQ,UhO
+g\2U^OR{^NPnomcO2{<| M_a{^U^no{CgO 5

ﬁ'O2Udg` {^\<QvO<_a`pu_ ŁH_sp OR`c{CgO¤pu_ c{^q8c{hn \2U^\  :qs`M{CtKM_st2`cmcORQ
cORQln m?UhO2{_st­Uhn q8mMQR¢¥O2UvU^OP_am_apofwQ^O:0  4¡gOPtqsNPcpoObgn U^\p nomc\<_ano{^O.O2m¨©q8mMt­Uhn q8mªgOPpu_U_anop poOcO 5

ﬁ'R
Q^O+g\£MmMn¦U){^\<t`c{Q^n Ł8O2NPO2m?UQ^`c{po_ rs{_aNPN_ano{hOg` pu_amMr8_ar8Os¢~
_£Mrs`c{hO c{h\RQ^O2m?U^Oª`cmcO+ŁsOR{hQ^noqsm
cOt2OUvUhO_smM_apofgQvOc_amMQ.poOtR_sQgOdpu_:O2{^¨©qs{hN_amMt2Os¢ j.& nOR{^NPOUPp6« _smM_apofgQvOgOtKM_8t`cmMORQgORQ
nom?U^OR{h_8t­U^noqsmQ2¢M~
O$U^{_£:tTrs\2mM\2{h\$M_a{]`MmcOYnom?U^O2{_stU^noqsmMQ    ORQvUe\2Ł_sp `c\YM_a{ j.&mnﬀy?`cnc{hO2mM)ORm
_s{^r8`cNPO2m?UhQRO2mPcpo`MQgOﬀp=« O2mwŁwno{^q8mcmcO2NPORm8U<apu_lUh_anopop O]g`Ct2qggO]Qvq8`c{tO]gOﬀp6« _srsORm8U 5=Qvq8NPNO]cORQU_anop poORQ
cORQUh{h_sn¦UhO2NPO2m?UhQ"7OUpoORQﬂU_anop poORQgORQ|cqsmcmc\RORQﬂUh{h_smMQv:qs{^U^\RORQnomcn U^nu_apoO2NPO2m?UR¢?]mcOﬀNPnors{_U^noqsmPc_smMQ§`cmcO
t2qsm?U^nomw`M_Uhn q8m+ŁH_n mMc`cn {hOc` U^{_£tdQvnp O<QYQ^n¦UhORQYQ^qs`M{ht2OCOU.cORQvU^nomM_Uhn q8mQvq8m?UYgn¦¬E\2{hO2m?UQ2¢~Odt2q gU
nomMg`Mn¦UﬀORQvU]_apoqs{Qpu_YUh_anopop OTg`)tqggOTgOTp=« _ar8O2m?UMp `MQpu_PQvq8NNPOTgORQU_anop poORQgO<QﬀgqsmcmM\2ORQORmCU^{_amQvn UR¢
OWQ^_8tﬀ$gq8QgOﬀp=« _ar8O2m?U:qsmMc\2{h\ﬀM_a{|`MmP¨´_st­UhO2`c{ ﬀy?`cnOR`gU:O2{hNPOUvUh{^OWgO]{hO2c{h\RQ^O2m?U^OR{§po_Tx_amMgO
_sQhQ^_sm8UhOlcO$po_Ptq8mcmcO2bwnoqsm
¢
]£Mm cOgq8mcmcOR{lp6« n m?U^`Mn¦Uhn q8m gOPtO2UvUhO_smM_apofgQvO8mcq8`MQl\Uh`MgnoqsmMQlrs{hq8QhQ^n LR{^ORNORm?Uepo_gOR{^mcnoL2{hOYnomg
UhO2{_stU^noqsmcO$p=« ObgO2NPcpoO$c{hqs:q8Q^\lM_amMQpu_PQvO<t­U^noqsmVc¢ .q8`c{ 
ﬁ
	
H
j='5 >  eifein 

 	 

j
*
		 7j?>7 ' %Bﬂ    
*
9
+ p?O<Q,U§:q8QhQvnoxcpoO¥« nomg¨©\2{hO2{poOUh{h_a£t§UhqaU_apwO2mcr8O2mMc{^\M_a{§tO2UvUhOnom?U^O2{_stU^noqsm.M_a{_ar8O2m?UORmt2qsmcmM_snoQhQh_am?U
pu_Uh_sn popoOYg`tqggOQ^qs`M{ht2OTcO

j
*
		8p OYt2qwO ﬁCtnoO2m?U ﬀ '5 >5´{^O<Qv
¢ ﬀ >  'M7y?`cn{^ORc{^\<QvORm?U^OTpo_Px_amMgO
_sQhQ^_sm8UhOYORm8Uh{^O.p O<QTQvn U^O<Q

OU
*
_anomMQ^ny?`cO ﬀﬃﬂ y?`cn{hO2c{h\RQ^O2m?U^O.p OPtq gUTn mMc`cn¦U$M_s{Wpu_Nnors{_Uhn q8m
« `cm_ar8O2m?U5=ta¢ ¡a¡Q^_s`cŁsORr8_a{gO]gOlp6« \2Uh_U7­¢
 
po_.{hO2mMt2qsm?U^{hOeg`c{hO2NPn OR{ jwwp Olc{hqgtORQhQ^`MQt2qsmMQ^nuQ,UhO
Yg\UhO2{hNnomcOR{pu_TUh_sn pop OlgORQgq8mcmc\2O<Q 5´p=« _ar8O2m?UOUQvq8mCQ^_8t]gq?QM7|gO2Ł_am?UU^{_amMQ^n¦UhO2{Q^`c{p OWp noO2m 
,-
$ ­¢
O2UvUhOCUh_sn popoOCORQvUYpu_Qvq8NPNOgOdpu_)Uh_sn popoOdgO
*9
5©nomg¨©\R{^\ROdM_s{Yp6« nom?U^O2{_stU^noqsm+c{h\Rt2\RgORm8UhO 7
pu_)Uh_sn pop O
cO

j
*
		PO2U ﬀ
ﬂ!
¢~|« _accponut2_Uhn q8mªgO egfhegn 

Q^`c{$Qvq8m _s{^r8`cNPO2m?U
*9
¥M`cnoQ$cO 
	POU

j
*
		
:O2{hNPOUcOeg\UhO2{hNPn mcOR{|pu_lUh_anopop OecORQ|{h\RQ^`cp Uh_aUhQB5
*
:
O2U
*
;
7§y?`cnMŁ8qsm?UK8Uh{^OUh{h_smMQ^NnuQ|Q^`c{poOﬀpon ORm 
*,- 
­
poORQ§U^{hqsnuQ¨©qsmMtU^noqsmMQ|\Uh_sm?U_accponuy8`M\2ORQQv`c{p O]N8RNOWQvn U^O 5=_arsORm?UTNnors{_Uhn q8mP`cmcnuy8`MO 7­¢ ﬂn mM_sp ORNPO2m?UR
poO BﬂCtpoq8Qp6« _smM_apofgQvOTgO$p6« nom?U^OR{h_8t­U^noqsm
¢
,l_amMQep O.t2_sQ]qKJ)po_Cc{^q8c{hn \2U^\  ORQvUWg\,}vdtqsmMm?`MOc_amMQ]po_CQ^:\Rtn £tR_U^noqsm
cO2mQ^`cnoŁH_sm?U]po_N8RNO
_scc{hqgtKcOsEnop§ORQvUT:q8QhQ^n xcpoOPgOQ2« _sQhQv`M{^OR{ly?`« O2pop OPO<Q,U$xcnoO2m Łs\R{^n £M\2OM_s{$p=« Obgc{hORQhQvnoqsmªtqsmt{hLU^O8¢


m
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
S<

%ﬀ
   5

ﬁ' 5   5  nf 
*
 j.&mn   ³ ﬁ?°
*,+,-0/A/A/A-*04
D  F'HI5    6 $ n 'ﬂ
+,-0/A/A/A-
ﬂ
4
ZD4- '       2 '    ﬃf
 j.& n   5   
*
  ﬂ   
  j.&mnﬀ    	   j.&
*
        2 '    
 j.&mn      6 
 j.&mnﬀ   ﬀ     	ﬂ 6  ﬀ   j.&mnﬀ
      	 Vﬂ
 j.&mn ﬀ
  j    	 ﬂ 6  j.&mn ﬀ
      	 ﬂ 
	0f fD :#%$'j
*
	  	0fBj? ﬀ   ﬁ	j   ﬂ 
 j.&mn ﬀ
  Bﬂ   	 ﬂ 6 
j.&
*
   ﬀ    6 nh#df$'$  ﬀ  
j.&
*
     
j.&
*
   j    	  6 ﬀ ﬂ   
j.&
*
    	 
j.&
*
   Bﬂ  6 
TVUXWZY¥
J
ﬃ b %'
% #%1!M
	ﬀ
_a{hp Oﬀ_apoqs{QgO,F² c°0F´¯mH # ﬁ³  ¥ c³@F©°R #1F=³´w ﬁ%HE° g° F´¯mH¢O2pu_lOR{^NPOU|_a{§ObgORNMp O]gO
Ł8\2{hn¦£O2{y8`
« `cmMOnom?U^O2{_stU^noqsm.{^O<Qv:ORtU^Opo_ltq8mg£gORm8Uhno_sp n U^\qs`.p=« nom8Uh\2r8{^n U^\gORQ§cqsmcmc\RORQﬂOUﬂU^{_an U^ORNPO2m?UhQ
c`tponoO2m?Uq8`dO2mtqs{hOey?`« O2pop OlORQvUQc{hOWgOW¨©qsmt­U^noqsmMmcO2NPO2m?U<¢ggnpoOlQ^O2{hŁwnot2OWt2qsNPcpoObgOe{hO2c{h\RQ^O2m?Uh\]M_a{
5

ﬁ'ﬀmcO$Łs\R{^n £MOlM_sQpu_Py8`_apon¦Uh\T« noNPcp \RNPO2m?Uh_aU^noqsmgpoO$tqsmtO2cU^O2`M{ﬀOR`gU]{^O2U^{hqs`cŁ8O2{p O<Qqsxg},O2UhQﬀy?`cn
ŁwnoqspoO2m?Uﬀpo_c{hqsM{^no\Uh\TM_amMQpoO$t2_sQﬀcO$po_PQ^\Rt`M{^n U^\TOUecO$po_.£_sxcn pon U^\s¢

`cORpoQYQvq8m8UpoORQY_a`gUh{^O<QTc{^q8xcpoL2NPORQy?`cO:O2`cU.QvO:q8Q^O2{Yp OCt2qsmMt2O2gUhO2`c{YcOCQvOR{^ŁwnutORQ$cnoQvU^{hn xM`c\RQ
t2qsNPcpoObgORQpoqs{Q^y?`« nopgnoQ^:q8Q^Ol¥« `cmcO$O2bgc{^O<Q^Q^noqsm_sxMQvU^{_an U^O 5




ORQc{hqsxcpoL2NPO<Qc\2:O2mMgORm?UegORQ
t2qsmcm_anuQ^Qh_amMt2ORQgqsm?Un pcnoQ^q?QvO$Q^`c{p=« Obgc{hORQhQ^n q8mtq8mMt{hLUhO)5


'
gpu_c{^q8c{hn \2U^\WcOy8`_apon¦Uh\ OUﬀpo_
Łw`cO{h\RQ^OR_s`¢O<Q\2po\2NPO2m?UQOR`cŁsORm8U@82U^{hOQ^qsn U|tqsNPcpoLUhO2NPO2m?U|g\2£MmcnuQf5©NPqggO	ﬁ7­aQ^qsn UTQ^fwm8UhKc\UhnoQ^O2{
QR« n p?N_amMy?`cOgORQnomg¨©qs{hN_U^noqsmQ5´NqggO  7­¢


mYgnuQ^q?QvOgqsmt§U^KM\2qs{hnuy8`MO2NPO2m?UﬂcOKw`cn U5
9
7
_smM_apofgQvO<Q
:q8QhQ^n xcpoORQﬁ5´Łsqsno{£Mrs`M{^O627¢cJ
q8`gU^O<QﬀtO<Qﬀ_amM_sp fgQ^ORQOR`cŁsORm8UeQ^Ol¨©qsmMcO2{ﬀQv`M{ﬀ`cmcOTNP\U^KMqwcO¥« nom?U^OR{^c{h\
U_Uhn q8mdgORQO2bwM{^O<Q^Q^n q8mMQt2qsmMt2{^L2U^O<Q2?O2mwŁsOR{hQp O<Qt{hn¦UhL2{hORQmcqsmg6¨©qsmt­U^noqsmMmcO2puQ2¢wJqs`gUhO¨©qsnuQR?t2O2{^Uh_anomcO<QgO
t2ORQ]_smM_apofgQvO<Q]Q^qsm?Uetq8NMp O2bwO<Q]O2UeKcqs{Q]¥« _U^U^ORn m?U^OYc{h_aU^nuy?`cO2NPO2m?UWM_amMQﬀ`Mmt2_8Qﬀrs\Rmc\2{_ap6¢:W« ORQvUemcqa
U_aNPNPO2m?U$p OPt2_8QTy8`_amM 5

 m« ORQvU$M_sQWU^{hnoŁ?nu_apoOqs`ªy?`M_smMªp O{^\<QvO<_a`O<Q,U

Uh{^q8`MQ ¤ORmUhO2{hNO
cOCQv:\Rt2n¦£tR_Uhn q8m+cORQ$cpu_st2O2NPO2m?UQ$gORQQ^O2{hŁwnot2ORQRgORQp noO2mMQqs` gORQc{^q8c{hn \2U^\RQ$cOCy8`_apon¦Uh\Cy8`MnQ2« f
_aUvU_stKcORm8U<¢§ORORmMc_sm8U<:qs`M{.pu_ªQ^\Rt2`c{hn¦Uh\dOUpo_£_sxcn pon U^\sﬂpoOgq8N_anomcOgOŁ_apoO2`c{\U_am?UxMn mM_sn {hOs
t2O2{^Uh_sn mcO<Q.« ORm8Uh{^OO2popoORQOR`cŁsORm?UP{hORQvU^OR{.O ﬁCt2_st2Os¢§~O)t2_8QPgO)po_ªOR{v¨©q8{^N_smMtOORQvUr8\2mc\R{h_sp ORNORm?U
Mp `MQﬀt2q gUhO2`gb¥¢
eqs`MQtKcq8noQ^noQhQ^qsmMQnot2nEcOWmcq8`MQ{^O<Q,Uh{^ORn mg{^Olpu_YM{^\<QvORm8U_Uhn q8mdgORQ_smM_apofgQvO<Qy?`cnEqsm?U`cmdnom?U^\2{M8U
M{h_aU^nuy8`MOlO2Uey?`cnEU^{hqs`cŁ8O2{hqsm?U`cm)\RtKcqPc_amQﬀpo_PQ^ORtU^noqsmM¢
m=my^z9{| QD}
SR  
%ﬀﬃ3&	
emM_apofgQvO z|{hqsc{hn \2U^\ 5

 ' Zﬀ\<QvO<_a`
Ł8\2{hn¦£:t2_Uhn q8mgOTpu_y?`M_apon¦Uh\$¥« noNPcpo\2NPO2m?Uh_aU^noqsm      
nomg¨©\R{^ORmMtO$gO$pu_Py8`_apon¦Uh\T« noNPcp \RNPO2m?Uh_aU^noqsm     
Q^fwm?U^KcL<QvO$¥« n NPcpu_am?U_U^noqsmNPn mMn N_apoO    
Q^fwm?U^KcL<QvO$¥« n NPcpu_am?U_U^noqsmr8_s{h_sm?U^noO     
Q^fwm?U^KcL<QvO$¥« _a{tKcn U^ORtU^`c{hO     
Q^fwm?U^KcL<QvO$¥« _a{tKcn U^ORtU^`c{hOlNnomcnoN_apoO    
Q^fwm?U^KcL<QvO$¥« _a{tKcn U^ORtU^`c{hOlOUe¥« n NPcpu_am?U_U^noqsm    
Q^fwm?U^KcL<QvO$¥« _a{tKcn U^ORtU^`c{hOlOUe¥« n NPcpu_am?U_U^noqsmNPn mMn N_apoO   
TVUXWﬃY>2
J
 G P	ﬂ	
ﬃﬂ  
ﬃBHE°w ﬁ # 2F´³  HE° g° F´¯mH IF@H F= c³ ﬁ
wnp=« Obgc{hORQhQ^n q8mt2qsmMt2{^L2U^O5

 ' m« O<Q,UM_sQ¨©q8`c{hmcn O8anopMORQvU§U^KM\2qs{hnuy8`MO2NPO2m?U|:q8QhQvnoxcpoOegO]Q^f?m?UhKc\Uhn¦
Q^O2{§pu_TNPO2nop poO2`M{^OﬀnoNPcp \RNPO2m?Uh_aU^noqsmgO"5

  ?_a`QvORmMQ|¥« `cmcOﬀq8`gORQ§M{^q8c{^no\Uh\RQ§gOWy8`_apon¦Uh\U^{_an U^\2O<Q2¢
zq8`c{]pu_OR{v¨©q8{^N_smMtO8cqsm¤tKcOR{htKcOR{h_P_sn mMQ^n¨©q8`c{hmcn {Wp=« Obgc{hORQhQ^n q8mt2qsmMt2{^L2U^Oy?`cn
r8\2mcLR{^O$poONPqsnomMQ
cOﬀU^{_£ts¢azqs`c{po_Q^\Rt2`c{hn¦Uh\ssQ^nMORp poO]ObgnuQ,UhOs8`cmcO]O2bwM{^O<Q^Q^n q8my?`cn:_sQhQv`M{^Opu_tq8mg£gORm8Uhno_sp n U^\ﬀq8`p=« nom8Uh\
r8{^n U^\l¨©q8{vUhOs¢gzqs`c{ﬀpu_.£_axMn pon¦Uh\sc`MmcO$Obgc{hORQhQvnoqsmQ M{^O$gOT¨©q8mMt­Uhn q8mcmcO2NPORm8U<¢c~
_t2qsNPcpoObgn¦Uh\$gOtO2UvU^O
_smM_apofgQvOeORQvUgno{hORt­UhO2NPO2m?Ug\2:O2mMM_am?U^OTgOTtO2popoOWgOlp=« Obgc{hORQhQ^n q8md_axMQvU^{_an U^OeOUﬀgOWp6« O2mwŁwn {hqsmcmMO2NPO2m?UR¢
+ pO<Q,U$:q8QhQvnoxcpoOv0  4gOrs\Rmc\2{hO2{WU^q8`gU^O<QTp O<QWO2bgc{^O<Q^Q^noqsmMQltq8mMt{hLUhORQltqs{h{hORQ^q8mMc_am?UhORQe`cmcO 5

w¢
W_6ŁsORNORm?UR?n p¥Q^` ﬁPUORmMQ^`cn¦UhOl« nomg¨©\2{hO2{pu_.y?`M_sp n U^\T¥« n NPcpo\2NPORm8U_Uhn q8mgOTtO<QO2bgc{^O<Q^Q^noqsmMQR8M`cnoQgO
Q^\2poORtU^noqsmcmMO2{|pu_TNPO2nop poO2`c{hOs¢A_apoKcOR`c{^OR`MQ^O2NPO2m?URsq8`c{|`cmcO5

 emMqsmPU^{hnoŁ?nu_apoOssn pObgnoQvU^Oe`cmmcqsN.xc{hO
noNPq8{vU_am?UC¥« Obgc{hORQhQvnoqsmMQtq8mMt{hLUhORQPy?`cn]ORm Q^qsm?U`cm {h_ﬁPmMO2NPO2m?UR¢K,WO2`cbU,fwO<QgO¤tq8NMp O2bwn U^\
_scM_s{h_snoQhQvORm?UQ^np=« qsm{hORtKcOR{htKcOWU^q8`gU^O<Qp O<QﬀnoNMp \RNORm?Uh_Uhn q8mMQ:q8QhQvnoxcpoORQﬀ¥« `cm¤QvOR{^ŁwnutOT_axMQvU^{_an UIH
Ss¢`cmcOt2qsNPcpoObgn¦Uh\$gOTU,fwO
		Wy?`cn
t2qs{h{^O<Qv:qsmd_a`cbtKcqsn b¥wq8`c{]tKM_sy?`cO$Q^O2{hŁwnot2O
c{h\RQ^O2m?UCc_amMQCp=« Obgc{hORQhQvnoqsm _axMQvU^{_an U^O8§O2m?U^{hO)`cmcO¤nom?U^O2{_stU^noqsm M_a{C_srsORm8U 5´p qgt2_sp OP7.qs` M_a{
n mwŁ8qwtR_Uhn q8mgnuQvUh_am?UhOs¢
Vg¢`cmcOYt2qsNPcpoObgn U^\YgOTU,fw:O
	ﬀ
ﬁﬂﬃTy?`cnﬂtq8{^{hORQ^q8mM_a`gb)tKcqsn bgO<Q]gn ¬:\R{^ORm?UhQ]q8{hc{^O<Q
q?Q^Q^noxcp O<Q¥« _sccponotR_Uhn q8mdgORQ¨©q8mMt­Uhn q8mMQQvnEO2popoORQQvq8m?UnomMg\2:O2mc_am?U^O<Qﬀc_amQp6« O2bgc{^O<Q^Q^noqsmd_sxMQ,
U^{_an U^O 5=t2_sQﬀcOlpu_Ptq8mMQ,Uh{^`t­U^noqsmU^`Mcp OP7­¢
JKM\2qs{hnuy8`MO2NPO2m?UeO2UT_s`¤cn {hO.tR_sQR:d`cmcO.Obgc{hORQhQvnoqsm_sxMQ,Uh{h_sn¦UhOYtq8mMQvU^n U^`c\ROYObct2p `MQ^noŁsO2NPORm8Ul¥« `Mmmg
`Mcp O2UgOﬀc{hO2NPnoO2{§mcnoŁsO<_a`at2qs{h{^O<Qv:qsmMcO2m?UcOﬀp=« qs{g{hOcO
4 +
! anoNMp \RNORm?Uh_Uhn q8mMQ:q8QhQvnoxcpoORQRaqKJ 
O<Q,UpoOmcq8NYxc{hOgO¨©qsmt­U^noqsmQM{^\<QvORm8UhORQR¢ ,WO2Ł_sm8U`cmcOU^ORp poOtqsNPcpoObgn U^\8<nopwm« ORQvUﬂM_8Q
ORmwŁ?nuQh_arsO<_axcpoOgO
r8\2mc\R{^OR{Uhqs`gUhORQpoORQO2bwM{^O<Q^Q^n q8mMQtqsmt{hLU^O<Qtqs{h{hORQ^q8mMc_am?U`cm)Q^O2{hŁ?nutOT_axQ,Uh{h_sn¦UﬀQvn¥poOTmcqsN.xc{hOlgO
¨©q8mMt­Uhn q8mMQﬀc{h\RQ^O2m?UhORQORQvUeQ^`c\R{^noO2`M{]P`cmcOgORNn  gqs` <_anomcOs¢~O$c{hqsxcpoL2NPOTmcO$:O2`gUlQvOg\<tq8N:q8Q^O2{
Qh_amQ¥OR{hc{^O|ORmc{h\Rt2noQ^n q8mt2_s{n p?ORQvU
nom?U^{hn mMQ^LRy?`cORNPO2m?U
rspoqsx_ap6¢HO2:O2mc_am?URRp=« `gUhn ponoQh_Uhn q8mYgO<Q
t{hn U^L2{hORQ
mMqsmg6¨©qsmMtU^noqsmcmMO2puQeO2UlgO.U^O<tKcmcnuy8`MORQlgOYU_axc`Mpo_aU^noqsm 5´M_a{^Uh_srsO 7poqs{Ql¥« `MmcO_smM_apofgQvO

Cpu_dŁ8qspo\2O 
c`dNPO2nop poO2`M{tKcORNPn mw:O2{hNPOUvUhO2m?UﬀgOlt2qsmMQ^nug\2{_axcpoO2NPORm8U{^\<g`cno{^OWp=« ORQ^M_st2OWgOl{hORtKcOR{htKcOeOU{^ORmMg{hO
p6« _acc{hqgtKcOO¬EORt­Uhn Ł8Oq8`c{gO<Q$QvOR{^ŁwnutORQTt2qsNPcpoObgORQ$t2qsNPq?Qv\<Q$gOPcpo`MQvnoO2`M{hQ$gn R_sn mMORQ$gOCQ^O2{hŁwnot2O
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
SH
cOx_sQ^Os¢¥~
_NPnoQ^OPO2m

`cŁw{^OPgOtO2UvUhOPU^ORtKMmcnoy?`cO8¥q8`c{$pu_d:O2{^¨©qs{hN_amMt2OsEORQvU$c{^\<QvORm?U^\2Oc_smMQlpo_
Q^ORtU^noqsmM¢ Vg¢oSs¢
ﬃﬂ ﬃﬂ 
ﬃBHE°w ﬁ #   ² F´° ﬁw²a°<ﬁ
+ pﬀ:O2`gUd_s{^{hnoŁsO2{y?`« `Mm t2qsmMt2O2gUhO2`c{_an UP`cm Q^O2{hŁwnot2Ot2qsNPcpoObgO 5

ﬂ'noNPcpo\2NPO2m?U^OR{CQv`M{`Mm
{h\RQ^OR_s`gqsm?Ulp O<QW\Rp \RNPO2m?UhQWmcOPQvq8m8UlM_sQeU^q8`MQlg\2cpoqfs\<Q2¢z§_a{lObgO2NPcpoOs¥tOR{vU_anomMQlQvOR{^ŁwnutORQeqs`ponoO2mMQ
:O2`MŁsO2m?U$mcOM_8Q$_HŁsq8n {TgONP\RtR_amcnuQvNPO<QTc{^q8c{hORQT)_sQhQv`c{hO2{TgO<Q$xO<Qvq8n mQ$gOy8`_apon¦Uh\s¢ |m t2OPQ^O2mQ2
poOP{^\<QvO<_a` OR`gb cnoQ^q?QvOR{$gOCQvOR{^ŁwnutO<QWq8`+p noO2mMQ$y?`cnm« q8m?UT_sQTO2mtqs{hOgOPŁ_apoO2`c{Q$c_amQTp O<Q$O2mwŁwn¦
{hqsmMmcO2NPO2m?UQ]mcq8mg=¨©q8mMt­Uhn q8mcmcORpoQR¢~
OY{h\RQ^OR_a`¤m
« O<Q,U$gqsmt$M_sQWO2mtqs{hOORm8Uhn LR{^ORNPO2m?UWnomMQvUh_amtno\2Os¢¥wnﬂp O
t2qsmMt2O2gUhO2`c{gnoQ^:q8Q^OegOepu_$c{hqsM{^no\Uh\  {hORy?`cnuQ^Ossnopcqsn Uc{hqs:q8Q^O2{§`cmMOWQ^\<tn £t2_aU^noqsmCg`{h\RQ^OR_s`.Uhqa
U_apoO2NPO2m?Un mQ,U_amMt2n \ROs¢cO2pop O2¡t2n:gq8n¦U{hORQ^O<t­U^OR{  q8`c{poOTQvOR{^ŁwnutOWt2qsNPcpoObgOWt2qsmMQ^nug\2{h\s¢ ]`{^ORr8_a{
cOpo_Cc{^q8c{hn \2U^\ PM`MmcO._smM_apofgQvO$xM_8Qv\ROQv`M{ep6« nomg¨©\2{hO2mtOYgO.po_dy8`_apon¦Uh\Y¥« n NPcpo\2NPO2m?U_U^noqsmcOp=« Obw
M{^O<Q^Q^n q8m.t2qsmMt2{^L2U^OŁ_W:O2{hNPOU^U^{hO]¥« nomMQvUh_smMtnoO2{§poORQ§\Rp \RNPO2m?UhQN_amy8`_am?UhQR¢ |mPO¬EOU<s`cmcOﬀO2bgc{^O<Q^Q^noqsm
t2qsmMt2{^L2U^OY¨©qs`c{hmcn UlO2bwMp nutn U^ORNORm?UTpoORQln U^nomc\2{_ano{hORQecORQTgn ¬:\R{^ORm8UQT_arsORm?UhQlgO2Ł_am?UT{^\<_aponoQ^O2{lpoOQ^O2{hŁwnot2O
t2qsNPcpoObgOs¢
~_t2qsNPcpoObgn U^\PgOtOU^U^O_am_apofwQ^O.c\2:O2mM+g` mcqsN.xc{hO¥« \2po\2NPORm8UQlO2m?U^noL2{hO2NPO2m?Ug\2£MmcnuQlM_amMQ
poO{^\<QvO<_a`¢§wnU^q8`gUpoORQ\Rp \RNORm?UhQqsm?UPp O<Q.nomMQvUh_smMtO<QY{hORy?`cnuQvO<Q2ﬂO2popoOO<Q,UPp nomc\<_ano{^OOUp=« qsm {^O2U^q8NYx:O
Uh{^noŁwno_sp ORNPO2m?UWQ^`c{Wpu_CŁ8\2{hn¦£:t2_Uhn q8mgOYpu_dy?`M_sp n U^\P¥« n NPcpo\2NPORm8U_Uhn q8m¢Egn mcq8m:n pﬂ¨´_a`cUTt2qsmMQ^noc\2{hO2{]poORQ
cn¦¬E\2{hO2m?U^O<Q|_ap U^OR{^m_U^noŁsO<Q2:qs`M{tKM_8y8`MOORm?U^n U^\s8O2mP¨©q8mMt­Uhn q8mCgOﬀpo_c{^q8c{hn \2U^\  OUt2Oﬀq8`c{tKM_8t`cmMO
cORQ$nom?U^O2{_stU^noqsmMQR¢~OCtR_sQ$O2bwU^{M82NPOsqJ _a`Mt2`cm+\2po\2NPO2m?Um« _gOc{hqsM{^no\Uh\s¥:O2`gUUh{^noŁwno_sp ORNPO2m?UYQvO
Q^noNMp n £MO2{lU^qs`cUp qgtR_aponoQ^O2{|tKcO ﬀp O]t2p noO2m?U<¢,l_amMQ§poORQt2_sQ|n m?U^OR{^NP\<gno_sn {hORQRatq8NPNOﬀpoOﬀrs{_aMKcOORQvUM_a{
Kwfw:qaU^KMLRQ^Oﬀ£Mmcn6wp OWmcqsN.xc{^OWgOltKMqsn b{hORQvU^O]x:qs{hmc\8¢,WLRQy?`« `MmcOWM{^q8q?Qvn U^noqsmr?_a{_am?U^noO P8p6« _amM_sp fgQ^O
UhO2{hNPn mcO$_HŁ8ORtlQv`MtRtL<Q2¢
ﬃﬂ   
ﬃBHE°w ﬁ # ﬁ°F©° ﬁw ﬁ%HE°R
?emcOObgc{hORQhQvnoqsmª_axMQvU^{_an U^Oqs` tqsmt{hLU^O{hO2c{h\RQ^O2m?U^O`cm+QvOR{^ŁwnutOPtq8NMp O2bwOPg\2£Mmcn§M_s{lp6« _a{tKcn¦
UhORtU^Os¢ §},q8`gU^OR{d`cm Uh{h_sn¦UhO2NPO2m?Udc_smMQ`cmcOU^O2popoOObgc{hORQhQvnoqsm
Q2« nop]ORQvUgn ¬:\R{^ORm?UgOp6« nugORm8Uhn¦Uh\sŁH_
NPqggn £MO2{pu_+Qv\RN_am?U^nuy?`cOc` Q^O2{hŁwnot2Ot2qsNPcpoObgOs¢|Jqs`cU^O¨©q8noQR|Q^n]ª`Mm Uh{h_sn¦UhO2NPO2m?U:n­§nop]ObgnuQ,UhO`Mm
Uh{h_sn¦UhO2NPO2m?Un mwŁsOR{hQ^O n
B+
nopŁ_ 8Uh{^OO2mwŁwnoQh_ar8OR_axMp OdcOpoORQPtq8NPq?QvOR{._a` QvOR{^ŁwnutOdt2qsNPcpoObgOs§Qh_amMQ
ORm NPqwcn¦£MOR{pu_Qv\RN_am?U^nuy?`cOs¢
~« _sccponotR_Uhn q8mg`+U^{_an U^ORNORm?UYOU.cOdQvq8m+n mwŁsOR{hQ^O:O2`gb QvOC¨´_ano{^OORm
Q^\Ry?`cORmMtOWc_amMQ`cmcOlQvq8`MQ,¡Obgc{hORQhQ^n q8m 5´¢ O2b¥¢n
B+
Xn5 D7­¢MKcOR{htKMO2{$\2U^ORmMg{hOe`cmdQ^O2{hŁwnot2Oetq8NPcp O2bgO
{hO2ŁwnoO2m?UWg\UhO2{hNnomcOR{REc_amQe`cmMOYObgc{hORQhQ^n q8m_axMQvU^{_an U^O8MpoORQWO2mMg{hqsn UhQWqKJªgORQeU^{_an U^ORNORm?UhQWc{^\<g\
£mcnoQYOR`cŁsORm?U.Q2« nomMQv\R{^OR{R¢=,eO<QY{hL2r8p O<Q$gOCU,fwM_srsO 5´t2qs{h{^O<Qv:qsmc_amMt2OPO2m?U^{hOCpoOU,fwOdcORQY_s{^r8`cNPO2m?UhQ
O2UWpoOU,fw:OgO<Q]{h\RQ^`cp Uh_UQM7]Łsq8m8UWOR{^NPOU^U^{hO.gO.{^O2U^{hqs`cŁ8O2{et2ORQWO2mMc{^q8n¦UQ2¢¥wnﬂ`cm¤U^{_an U^ORNPO2m?UR:OU$Qvq8m
nomwŁsOR{hQ^Os:QvO.U^{hqs`cŁ8O2m?Ul_sccponotR_axcpoORQR:n p§O<Q,UTmc\Rt2ORQhQ^_sn {hOYgOŁs\R{^n £MOR{lQ^np=« ObwU^ORmMQ^n q8m¤¨©qsmMtU^noqsmcmMO2pop O{^O<Q,
:ORtU^O)poORQPtq8m8Uh{h_sn m?UhORQ.mcqsmg6¨©qsmt­U^noqsmMmcO2pop O<QY{hORy?`cnuQ^ORQR¢wn]ts« O<Q,UPpoO)tR_sQOUQ^nﬀp=« Obgc{hORQhQvnoqsm\U^ORmMg`cO
_sc:qs{^U^Od`Mm r?_anomrspoqsx_apQv`c{`cmcO)c{hqsM{^no\Uh\sﬂp=« n m?Uh{^qgg`MtU^noqsm g`Uh{h_sn¦UhO2NPO2m?UPOR`gUN8Uh{^OŁ_aponog\ROs¢
,l_amQW`Mmªc{hO2NPnoO2{$t2_8Q2EQ^n§p=« Obgc{hORQhQvnoqsmªtqsmt{hLU^O.ORQvUg\,}vg\£mcn O8¥po_Łs\R{^n £tR_U^noqsmŁH_\2U^`MgnoO2{TpoORQ
cn¦¬E\2{hO2m?UhQtKcq8n¦bdcOlMpo_8tO2NPORm8UﬀgO<QU^{_an U^O2NPORm8UQc_amMQp6« O2bgc{^O<Q^Q^noqsmdt2qsmMt2{^L2U^O5©¢ Ob¥¢wU^{_an U^ORNPO2m?U
cnoQvUh_smMtO8O2m poqgt2_aptKcOpoOdtponoO2m?U"7¢=?]mMOd_amM_sp fgQ^OgOU,fwOCQ^fwm?U^KcL<QvOCgOdpo_¤y?`M_sp n U^\d« noNPcp \RNPO2mg
U_Uhn q8m)Q^`c{etK_st`MmcORQﬀgO<QﬀObgc{hORQhQ^n q8mMQﬀtq8mMt{hLUhORQ\UhO2mMc`cORQﬀŁ__sp q8{hQ:O2{hNPOUvUh{^OcOg\UhO2{hNnomcOR{]po_
m=my^z9{| QD}
S 2  
%ﬀﬃ3&	
Mp `MQﬀ¨´_HŁsqs{_axMp O88O2UeQ2« _sQhQv`M{^OR{y?`« O2popoOT_sc:qs{^U^OT`cm)r8_sn mM_a{ﬀ{_aMq8{vU]p=« Obgc{hORQhQ^n q8mdnomcn¦Uhno_sp O8¢,l_amMQ
`Mm Q^ORtq8mMtR_sQRﬂQ^np=« Obgc{hORQhQvnoqsm tqsmt{hLU^Om« ORQvUM_8QYORmMtq8{^Og\UhO2{hNPn mc\ROs§gO<Q._smM_apofgQvO<Q.gOU,fwO
Q^fwm?U^KcL<QvOl¥« noNPcpu_am?Uh_aU^noqsmCNPnomcn N_sp OTQv`M{p6« O2bgc{^O<Q^Q^noqsmd_sxMQ,Uh{h_sn¦UhO]OU]Q^`c{p O<QO2bwM{^O<Q^Q^n q8mMQ_sxMQvU^{_an U^ORQ
\2U^ORmMg`cO<Q2cŁ8qsm?UﬀQvOR{^Łwno{PM{^qgg`cno{hOswM_a{]t2qsNPM_s{h_snoQ^qsmMQR?`cmcO$Obgc{hORQhQ^n q8mtq8mMt{hLUhOTqsgUhn N_apoOs¢
zqs`M{ﬀp OTt{hn¦UhL2{hOlcOl:O2{^¨©qs{hN_amMt2Oswp6« `gUhn ponuQ^_aU^noqsm)gO$tqsNPc{hORQhQ^O2`c{QgOl£tKMn OR{hQﬁ5©
¢ O2bE¢ct2qgc_ar8OlgO
 e`g¬ENP_smcm¥r 2no¥x 2noV7]:O2`gU:O2{hNPOU^U^{hOgOP{h\Rg`Mn {hO.pu_dUh_anopop OgOPpu_gq8mcmc\ROgORŁ_am?Uy8`Mn¦U^U^O2{$`Mm
Q^O2{hŁsOR`c{<?Q^`cc:qs{^Uh_sm8Up O<Qﬀ_ar8O2m?UhQR?_HŁ_sm8Uﬀ¥« 8Uh{^OW¨©qs`c{hmcnoOl_s`t2p noO2m?UR¢gz§_s{O2bgO2NPcpoOswp O$Q^O2{hŁwnot2O5


+
Q^:\Rtn £M\Ct2n¦ gORQhQ^qs`MQ$:O2`cUvk8U^{hO\UhO2mMc` O2m `cmQ^O2{hŁwnot2O 5


+
O2mt2qsNPc{hn N_sm8UpoORQ{^\<Qv`cp Uh_aUhQc`
Q^O2{hŁwnot2OWgOT{hO2mMc`gO$gqgt`MNORm?UhQR¢w~_.c\Rtq8NPc{^O<Q^Q^noqsmd_Hf?_am?UxcnoO2m)Qc{p noO2`O2mMQ^`cn U^O$_£MmgOTmcOTM_sQ
NPqggn £MO2{pu_¨©q8mMt­Uhn q8mcmM_sp n U^\Tg`)QvOR{^ŁwnutOWt2qsNPcpoObgOs¢g~« O2bwM{^O<Q^Q^n q8mCtq8mMt{hLUhO)5

 '
+
cy?`cnE`gU^nop nuQ^Ol`Mm
_srsORm8U<wq8`c{^{_P_anomMQ^n¥Ł?{_anuQ^O2NYxMpo_sxcp ORNPO2m?U{h\Rc`cn {hOlp OTUh{h_a£tlO2mcr8O2mMg{h\TM_a{ﬀp6« O2mwŁsq8nEc`)cqwt2`cNPO2m?UR¢
	  egfhei$Xfj ﬂ  5'5

 
+
7
&ﬁ

j
*
		 

j
*
		  
	
 egfhei$Xfj ﬂ    5'5

 
+
7
³ ﬁ?°
*
+
D<j='5 6  egfhei$Xfj 7j=68 >  	 

j
*
		  %j?>7 ' %Bﬂ      ﬂ F'H 5'5

ﬁ'
+
7
³ ﬁ?°
*
c
D &ﬁ

j
*
		 %Bﬂ
*
+
F@H
*
c
OR{vU_anomMQﬀUh{h_HŁ_a`cb:qs{^Uh_sm8UlQv`c{Wpo_dQv\<t`c{hn¦Uh\v5=t{hf?cU^qsr8{h_scKcnoOgOYgq8mcmc\RORQWqs`gO.c{^q8rs{_aNPNPORQ"7
O2U]po_.£_sxcnop n U^\$:O2`cŁ8O2m?U]Q2« _aMcp nuy?`cO2{]cOlpu_PN82NPOTN_amcnoL2{hOs¢
ﬀﬁﬀ   ﬂﬀ"%% Z	
eqs`MQW_HŁsqsmQUh{h_sn¦Uh\YgON_smcn LR{^OT`cmMn¦¨©q8{^NPOYgO<Q]_am_apofwQ^ORQey8`Mn
Q2« qa¬E{hO2m?Uemcq8`MQ]PM_s{vUhn {ecOmcq8Q
Q^:\Rtn £tR_U^noqsmQ2¢
~
O2`c{gO2r8{^\CcOCc{h\RtnuQ^n q8m O<Q,U.{^ORpo_aU^n ¨ﬀ)mMqaU^{hOCNPqgg\2ponuQ^_aU^noqsm
y?`cn{hORQvU^OC_axQ,Uh{h_sn¦UhO
5=QvOR{^ŁwnutO<Q2<{^\<QvO<_a`Hc{hqsM{^no\Uh\RQRRO2Uhta¢[7­¢8]qs`QmMqs`MQQ^qsNPNPORQﬂ{^O<Q,Uh{^ORn m?UQnutncWc{h\RQ^O2m?U^OR{ﬂt2O2pop O<Q§y?`cncQvq8m?U
O2¬:O<t­Uhn Ł8ORQq8`c{cORQt2_aput`MpoQmcqsmUh{^noŁwno_s`gb¥¢?Jqs`cU^O¨©q8noQR?n p:OR`gU8U^{hOeORmwŁ?nuQh_ars\]cOe¨´_sn {hO]M_s{vUhnot2n :O2{p O
t2qsmMt2O2gUhO2`c{§TtOR{vU_anomMQtKcqsn b:qs`c{§{h\Rg`Mn {hOpu_Ttq8NMp O2bwn U^\¥« _a`gUh{^O<Q§_amM_sp fgQ^ORQcpo`MQ§tq gU^OR`MQvO<Q2¢8OR{v
U_anomcORQgO<Q_smM_apofgQvO<Q|c{h\RQ^O2m?Uh\2ORQ5©
¢ O2bE¢wŁ8\2{hn¦£tR_Uhn q8mCgOWpu_y8`_apon¦Uh\W¥« n NPcpo\2NPORm8U_Uhn q8mdqs`Qvfwm?U^KMLRQ^O
« noNPcpo_sm?Uh_Uhn q8mCNPn mMn N_apoO 7:O2`cŁ8O2m?Uc{hqa£MU^O2{gOWp=« `gU^noponoQh_Uhn q8mQ^n N.`cp¦U_amc\ROWgO<Q|Uh{^q8noQc{hqsc{hno\U^\<QgO
y?`M_sp n U^\ﬀ_a£Mm« 82U^{hOMp `MQ\ ﬁCt2_st2ORQR¢Hzﬂq8`c{|¥« _a`gUh{^O<Q5©¢ Ob¥¢sQ^fwm8UhKcLRQ^O¥« _s{htKMn¦UhORt­Uh`c{hO 7­mMqs`MQmcOﬀt2qsmMQ^n¦
c\2{hqsmMQrs\Rmc\2{_apoO2NPORm8Uﬀy?`« `cmcOTc{hqsc{hn \2U^\Tpo_.¨©qsnuQR¢F,WORQetKcqsn bdgO$tq8mMtORgU^noqsmq8`c{ﬀ`cmcOTc{hqsM{^no\Uh\
cqsmcmc\ROW:O2`MŁsO2m?Uﬀnom M`cOR{]Qv`c{`cmMOT_s`gU^{hOlc{^q8c{hn \2U^\lOU]tq8mMg`cno{^OTgORQc{hqsxMp LRNO<QcOTt2qsKc\R{^ORmMtOlOU
t2qsmMQ^nuQ,U_amMt2Os¢MO$c{hqsxcpoL2NPOT{^O<Q,UhOT`cm_abgOTcO${^O<tKcO2{tKcOT._a{^UORm?U^noL2{hOs¢
]£MmcOt2O2{hmcO2{ﬂcpo`MQtpu_ano{^ORNORm?Upu_e:qs{^U^\ROgOmcqsU^{hONPqggL2poOO2Ut2O2{^Uh_sn mcO<QcOQ^ORQ_am_apofwQ^ORQR2mMqs`MQ
M{^q8q?Qvq8mMQc_smMQpu_]Q^ORt­Uhn q8mQv`Mn Ł_am?UhOQvq8m$n m?Uh\2rs{_Uhn q8m$c_amMQ
`cmORm?Łwno{^q8mcmcORNORm?UgOg\RŁsORp q8cORNPO2m?UR¢
 
­	ﬂY]/(ﬀ. 'ﬀ1$##ª]/(ﬀ.
O2UvU^OQvO<t­U^noqsm+ŁwnuQvO)Ł_aponocO2{p6« _scc{hqgtKcOPc{^q8q?Qv\ROPOUYtOR{vU_anomcORQ$cORQY_smM_apofgQvO<Q2EM_s{nom8Uh\2r8{h_a
Uhn q8mc_smMQe`MmO2mwŁwn {hqsmMmcO2NPO2m?UWcOg\RŁsORp q8cORNPO2m?UR:y8`MnQR« _acc`Mn OORmM_s{vUhn O.Qv`c{lp6« ORm?Łwno{^q8mcmcORNORm?U
WQ,UhO2{ﬁ0oSRP4¡¢g]qs`QM{^q8q?Qvq8mMQ`Mm_ar8O2mMt2O2NPO2m?Uq?Q^Q^n xMp OTgORQgn ¬E\2{hO2m?U^O<Q_smM_apofgQvO<Q2?O2md¨©qsmMtU^noqsmgORQ
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
S 
M{^q8c{^no\Uh\RQgOy?`M_sp n U^\$\2U^`Mgno\2O<Q2¢ﬀ+ ptqsmg`cn UeP`cmcOQ^\<tn £t2_aU^noqsm)tqsNPcpoLUhO$g`){^\<QvO<_a`cg`¤Q^O2{hŁwnot2O
t2qsNPcpoObgOOU§gORQc{hqsM{^no\Uh\RQﬂgOy?`M_sp n U^\8¢~
_e£Mrs`c{hO ﬀc{hqs:q8Q^O`MmcOŁ?`MOQhtKc\2N_aU^nuy8`MOgOp6« _scc{hqwtKMO
M_amMQpoOﬀt2_sc{^O¥« _accponut2_Uhn q8mMQ§gOU,fwOﬀQ^O2{hŁwnot2ORQtpon ORm?UR¢seqs`MQgn ¬:\R{^ORmMtnoqsmQ§tnomMy$\U_a:ORQ§¥« _am_apofwQ^ORQ
5 MLRtKMORQ$ORm q8n m?U^nopop \P7$:qs`c{pu_t2qsmMQvU^{h`Mt­Uhn q8m gOdQ^O2{hŁ?nutO<QgnuQ,Uh{^noxc`c\<Qtq8NPcp O2bgORQR¢
~O<Q:O2{Qvq8mcmcORQ
y?`cnEM_s{vUhnot2n :O2m?U]Q^qsm?Up6« _a{tKcn¦UhORtU^OWM_amMQpu_.MKM_sQ^OlcOlQ^\<tn £t2_aU^noqsmwpoO$tqsmtO2cU^O2`M{y?`cnEc{hqa£MU^OTgORQ
cn¦¬E\2{hO2m?U^O<Qﬀ_amM_sp fgQ^ORQOU]poO$g\2Ł8O2poqsc:O2`M{]y8`Mn
QvO$tKM_s{^r8Olc`)c\2cpoqsnoO2NPO2m?U<¢
        Pperf      Psecu     Pfiab
synthèse d’implantation minimale
Expression Concrete
synthèse de  traitements
Expression Concrete
étendue
qualité d’implémentation
synthèse d’architecture
Configuration effective
Spécialisation Aster
Service complexe
Vue fonctionnelle Vue non−fonctionnelle
ADL réseau ADL service complexe
fonctionnels
Vue Attributs
non
Sp
ec
ifi
ca
tio
n
réseau
ADL 
ADL 
Génération de code
des connections
Orb
D
év
el
op
pe
m
en
t
D
ép
lo
ie
m
en
t
Co
nc
ep
tio
n
d’architecture
bibliothèque
Infrastructure (GrassHopper)
TVUXWﬃY 
J
 GM! ﬀk"!ﬂ'ﬀi$#r  ﬂﬃ i ﬂﬂ
eqs`MQYc{^\<QvORm?U^qsmQ$c_amMQpo_¤Q^ORtU^noqsm M¢oSPp Od{iL8p OCgOdp=« _a{tKcn U^ORtU^Oc_smMQYt2OUO2mwŁwno{^q8mcmcO2NPORm8U<¢
~O
{MLspoOg`t2qsmMt2O2gUhO2`c{<M_sQhQ^noQvU^\TM_s{]mcq8Qe_amM_sp fgQ^ORQRcORQvU]c{hqs:q8Q^\c_amMQ]po_Q^ORtU^noqsm)M¢ Vg¢M~_CQ^ORt­Uhn q8m)M¢ 
QR« n m?U^\R{^O<Q^Q^Oªpo_ M_s{vUhnot2n M_aU^noqsm g` g\RŁsORp q8cOR`c{)y8`MnQvO tKM_a{hrsO g` g\RcpoqsnoO2NPO2m?U¤¥« `Mm Q^O2{hŁwnot2O
t2qsNPcpoObgOs<Qv`M{`cmMOcpu_UhO6¨©qs{hNON\<gnu_U^nutnoO2popoOM_s{vUhnot2`cp noL2{hOs¢ ﬂn mM_sp ORNPO2m?Umcq8`MQc{^\<QvORm?U^qsmQpoOt2_8g{hO
cOQ^\<tn £t2_aU^noqsmM{^q8c{^O]p6« ORmwŁ?no{hqsmcmcORNPO2m?UR<xM_sQ^\Q^`c{ﬂ`cmYpu_amMr8_ar8OgOgORQht{hnogU^noqsmY« _s{htKcn U^O<t­Uh`c{^O<Q2¢
m=my^z9{| QD}
S<  
%ﬀﬃ3&	
"  Zb " b 
Xﬂ ﬂm
~« _s{htKcn U^O<t­UhOP¨©qs`c{hmcn Up O<QQv:\Rt2n¦£:t2_Uhn q8mMQg` Q^O2{hŁwnot2OCtqsNPcpoObgO:5

 5©Łw`cO¨©q8mMt­Uhn q8mcmcORp poO 7po_
Łw`cOTmcq8mg6¨©qsmMtU^noqsmcmcORp poON5©c{hqsM{^no\Uh\RQ   	 (   'CO2U  	 $6M7y?`« nopQvq8`cKM_an U^OTŁ8qsno{Ł8\2{hn¦£\2OT_anomMQvny?`cO
pu_.Ł?`MOW{h\RQ^OR_s`COU]Q^ORQ_U^U^{hn xc`cUhQmcqsmc=¨©q8mMt­Uhn q8mcmcO2puQR¢gO<QQ^:\Rtn £tR_U^noqsmQQ^qsm?U¨©qs`c{hmcnoORQYp6« _anugOl« `cm
pu_amMr8_ar8OdgO)gORQht{hnogU^noqsm« _s{htKcn U^O<t­Uh`c{^O<Qv5´mcqaUh\ G,W~ O2Uc{h\RQ^O2m?Uh\ORm Q^ORt­Uhn q8mM¢ 7§y8`Mn¨©q8`c{hmcn¦U
`MmcOYmcqsUh_aU^noqsmc{h\Rt2noQ^OYO2UTQvU^{h`MtU^`c{h\2O8¢zqs`M{ep6« _srsO2mtO2NPORm8Ul\Uh`Mgno\sEp=« O2mwŁwno{^q8mcmcO2NPORm8Ulc{hqs:q8Q^\M_a{
p6« _a{tKcn¦UhORtU^OTtqsm?Uhn ORm8Uﬀpu_YŁw`cOT{h\RQ^OR_s`dqKJpu_Ypoqgt2_aponuQ^_aU^noqsmcORQﬀQ^O2{hŁ?nutO<QO2U]p noO2mQORQvUORm?U^noL2{hO2NPO2m?Uﬀg\
£mcn O8¢M~O<Qﬀc{hqsc{hno\U^\<QﬀgO:O2{^¨©qs{hN_amMt2OlO2UegOQ^\Rt`M{^n U^\gO.tORQ\Rp \RNPO2m?UhQWQvq8m8Uﬀ\Rr8_apoO2NPORm8Uﬀ¨©q8`c{hmcn O<Q2¢
ORORmMc_sm8U<s_a`t`cmcOﬀnomg¨©q8{^N_Uhn q8m.mMOﬀp OR`c{|ORQvU_sQhQ^qwt2n \ROq8`c{§po_l£:_axcnop n U^\8¢r,l_amMQ§p6« ObgO2NPcpoOﬀc{hqs:q8Q^\
nutn6gpoORQc{hqsc{hno\U^\<Q{^O<y8`MnoQ^ORQM_s{p6« _a{tKcn¦UhORtU^O$Qvq8m?UIHwpo_:O2{^¨©qs{hNP_smMtOlqscU^noNP_sp ON5  	F7­gp6« nom?U^\2r8{^n U^\
5  ' 7OU]pu_.£_axcnopon¦Uh\:5	 6 7¢czqs`c{]`Mm)Q^O2{hŁwnot2O$tqsNPcpoObgO$gq8mcmc\sMp O$xc`cUWgORQﬀcn¦¬E\2{hO2m?U^O<Qﬀ\U_a:ORQ
O<Q,U§¥« qsxgUhO2mcno{§`cmcOnoNPcp \RNPO2m?Uh_aU^noqsmYNPnomcnoNP_sp OORmYUhO2{hNOﬀgOU^{_£:tr8\2mc\R{^\8¢ p poOﬀgqsn U§{^O<Qv:ORtU^O2{p6« nomg
Uh\2r8{^n U^\gORQgq8mcmc\RORQﬂOUﬂU^{_an U^ORNORm?UhQg`Ptpon ORm8UOU@82U^{hOQc{hOgO¨©qsmt­U^noqsmMmcO2NPO2m?U<¢a~ORQQ^\<tn £t2_aU^noqsmMQ
¨©q8`c{hmcn O<QM_a{ﬀp6« _a{tKcn¦UhORtU^OlŁsqsm?U]gq8mMtTQvOR{^Łwno{cO$q8n m?Ue¥« O2m?U^{h\2OT:qs`c{ﬀpu_Ptq8mMtORgU^noqsm¢
"@ d	ﬃ%_Z_	ﬃ Z	   ﬂ
ﬃ	 ﬂ?B`"% 
 
_a{^U^no{gORQQv:\Rt2n¦£tR_Uhn q8mMQ:¨©qs`c{hmcnoORQ¥_a{p6« _s{htKMn¦UhORt­UhOs­poOtq8mMtORgU^OR`c{gq8n¦UtKMO2{tKcO2{¥ﬀtq8mMQvU^{h`cn {hO
poOQvOR{^ŁwnutOtqsNPcpoObgOgO2N_smMg\sts« O<Q,U§Wcn {hOc{^q8q?QvOR{
`cmMOV5

ﬁ'|y8`Mn?Ł8\2{hn¦£OpoORQU^{hqsnuQﬂc{hqsc{hn \2U^\<QgO
y?`M_sp n U^\lQv`M{poOe{h\RQ^OR_s`dgq8mcmc\s¢ﬀ,l_amMQ`cmc{hO2NPn OR{UhO2NPMQ`cmcOT_am_apofwQ^OegOTQ^f?m?UhKcLRQ^OW¥« noNMpo_sm8U_Uhn q8m
NPnomcnoNP_sp Ol:O2{hNO2U« q8xgU^ORmcn {<wYM_s{vUhn {gOWp=« Obgc{hORQhQvnoqsm_axMQvU^{_an U^O88`cmMOWO2bwM{^O<Q^Q^n q8mCtq8mMt{hLUhO5

ﬁ'
q8gU^noN_apoO.ORmUhO2{hNOPgOOR{v¨©q8{^N_smMtO8¢ |mQv`cn U^O8¥p O<QT_amM_sp fgQ^ORQeQ^`MtRtORQhQ^n Ł8ORQlgOQ^fwm?U^KcL<QvOgOU^{_an U^O
NPORm8UQ2y?`M_sp n U^\C« noNPcp \RNPO2m?Uh_aU^noqsm OUYQ^f?m?UhKcLRQ^O¥« _s{htKMn¦UhORt­Uh`c{hO.Ł8qsm?U$OR{^NPOU^U^{hO_a` tq8mMtORgU^OR`c{R
cOlN_smcn LR{^O$_s`gU^q8NP_aU^nuy?`cOscgO$M{^q8q?QvOR{`MmcO$tqsmc£Mrs`c{_Uhn q8mdO2¬:O<t­U^noŁsO8¢
 ﬃﬂ  
ﬃBHE°w ﬁ # 2F´³  HE° g° F´¯mH   	IH ﬁw ﬁ%HE°.< F  HE°³   ﬁ6¯  Hﬂ² ﬁ
|mc{^ORNPn OR{$p noO2`po_¤Q^fwm?U^KcL<QvOC¥« noNMpo_sm8U_Uhn q8m NPnomcnoNP_sp O 5©Łsq8n {Q^ORtU^noqsm c¢ Vg¢oS 7qs`+\2Uh_a:OdgO
{_ﬂﬁmcORNPO2m?URH:O2{hNO2U¥« qsxgUhO2mcno{RalM_s{vUhn {§gOpu_TgORQht{hn cU^noqsmP_axMQvU^{_an U^Og`QvOR{^ŁwnutOtq8NMp O2bwOV5




¨©q8`c{hmcn O_a{Yp6« _a{tKcn¦UhORtU^Os
`cmcOdQ^\<tn £t2_aU^noqsm¥« `cmcOdn NPcpo\2NPO2m?U_U^noqsm :q8QhQ^n xcpoOdgOtOdQ^O2{hŁwnot2Os¢~
_
M{^q8c{^no\Uh\Uh{h_sn¦Uh\2Op q8{hQlgOtO2UvU^O_smM_apofgQvO.ORQvUlpu_d:O2{^¨©qs{hN_amMt2Os¢¥~|« _a{tKcn U^O<t­U^O.{^O<y?`cn OR{vU$y?`« O2pop OPQvq8n¦U
NPnomcnoNP_sp O8¢§~
_ tqsmc£Mrs`c{_Uhn q8mg`{h\RQ^OR_s`ORQvUtqsmMm?`MO_sn mMQ^ny8`MOpoORQc{hqsc{hno\U^\<Q.cO:O2{^¨©qs{hN_amMt2O
_8Q^Q^qgtno\2O<Qﬂ$Q^ORQ|\2po\2NPO2m?UhQR¢s~« _smM_apofgQvOŁ_$gqsmtﬀtKcO2{tKcO2{§l¨©q8`c{^mMn {|p6« Obgc{hORQhQvnoqsmPtq8mMt{hLUhONPnomcnoNP_sp O
_s`QvORmMQgOﬀp6« qs{g{^O]Q^`c{|poORQ|U^{_£tRQO2mcr8O2mMc{^\<Q|Qv`M{|p Oe{^\<QvO<_a`¢ noO2my?`cO]pu_$tq8NMp O2bwn U^\]U^Kc\Rqs{hnoy?`cO]gO
t2OU^U^O_amM_sp fgQ^Oc`MnoQhQvOM_s{h_.oUh{^O|{h\RcKcn xMn¦Uhqsno{^Oq8`c{po_W:O2{^¨©qs{hNP_smMtO5©poOﬀgqsN_anomcOgOŁH_sp OR`c{\U_am?Uﬂnomg
£mcn=HtOy8`Mn8m« ORQvU_sQpoOtR_sQgORQgqsN_anomcO<QxcnomM_ano{hORQ
cORQﬂ_a`gUh{^O<Q¥c{hqsc{hn \2U^\<QM72p6« `gUhn ponuQ^_aU^noqsmYg`.t{hn¦UhL2{hO
mMqsmg6¨©qsmMtU^noqsmcmMO2p

.pu_PŁsq8p \RO C:O2{hNPOUegOt2qsmMQ^nug\2{_axcpoO2NPORm8U{h\Rg`cno{hOlp6« ORQ^M_st2OTcO${^O<tKcO2{tKcOs¢ |m
O2¬:O2URwnopO<Q,Uq?Q^Q^noxcp O88ORmdtq8`c{QgOTtq8mMQ,Uh{^`t­U^noqsmC« `cmrs{_acKMOe¥« \Uh_aUhQgORQnom8UhO2{_stU^noqsmMQR8¥« \2pu_ar8`cO2{
t2O2{^Uh_sn mcO<Q]xc{_amtKcORQWgO.tKcq8n¦b)rs\Rmc\2{h\2O<Q]Q^`cn¦UhOCp=« n m?Uh{^qgg`MtU^noqsm« `cmMO.mcq8`cŁsORp poO$¨©q8mMt­Uhn q8m 5´Q^O2{hŁwnot2O
q8`Uh{h_sn¦UhO2NPO2m?U"7l_accponuy8`MO2{<¢P?emcOﬀ_acMp nut2_aU^noqsmYgO¨©q8mMt­Uhn q8mYrs\RmcL2{hOcORQﬂU^{_amQvn U^noqsmMQﬂc_smMQﬂp Ors{_acKMO
« \2Uh_UQ2¢ mQv`cnoŁ_am?U$`cmcOCt2qsmMQvU^{h`Mt­Uhn q8mªgOp6« ORQ^M_st2OP« \2Uh_UQTO2m+pu_a{hrsO2`M{T« _sxq8{h¥¥mMqs`MQT:qs`cŁ8qsmMQ
t2qsNPM_s{^OR{Y_a` ¨©`M{O2UNO<Qv`M{^Op O<QY\2Uh_UQ.y?`cnﬀg\2£MmcnuQ^Q^O2m?UPgORQ.n m?UhO2{_st­Uhn q8mMQYy?`cnORmQvq8m?UQ^`c{.`Mm
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
S O
N8RNOQvn U^O.OU$y?`cnq8m?UWpoORQ]N8RNO<QW¨©qsmMtU^noqsmMQW_accponuy8`M\2ORQRU^qs`cUWO2mª_Hf8_am?Uepu_CN8RNOtq8m8Uhn mw`M_aU^noqsm¢
en mQvn6MPtKM_sy?`cOTmcq8`cŁsORp poOWU^{_amMQ^n¦Uhn q8mgnopORQvU]q?Q^Q^noxcp O$gOTM_s{vU_ar8O2{ﬀgORQ\2Uh_aUhQﬀ\<y8`Mn Ł_apoO2m?UQ2¢
zqs`M{pu_:O2{^¨©qs{hN_amMt2OssmMqs`MQ_HŁsqsmQ§{^\<_aponoQ^\]`cmMOWNPnuQvOWO2m

`cŁw{hOegOltOU^U^Ol_amM_sp fgQ^O]O2m

  0 VaP4
y?`cn§:O2{hNPOUYgOPUh{h_sn¦UhO2{t2O_a{^Uh_ar8O.r8{ 8tOP_a` NP\Rt2_smcnuQvNPOgOPUh_sxc`cpu_Uhn q8m¢a,eO<Q},O2`cb ¥« ORQhQ^_snoQlq8m8U
NPq8m8Uh{^\Ty?`« n p¥O<Q,Uq?Q^Q^noxcp O$gOTg\R{^noŁsOR{`MmcOTn NPcpu_am?Uh_aU^noqsmNnomcnoN_apoOl:qs`M{cORQQvOR{^ŁwnutO<Qt2qsNPcpoObgORQ
t2qsmMQvU^n U^`M\RQ]gO$Mp `MQ^noO2`c{Q]gn R_sn mcO<QﬀgO$¨©q8mMt­Uhn q8mMQ2MŁsqsno{hOlMp `MQ^noO2`c{QﬀtORm8U_anomcORQ]q8`c{egO<QﬀObgc{hORQhQvnoqsmQ
ponomc\R_sn {hORQ$g` U,fw:O ﬀ
+
 ﬀ c 
/1/2/
 ­¢ |m O¬EOU<c_smMQ$tOCQ^ORt2qsmM+t2_8Q2¥pu_¤tq8NPcp O2bgn¦Uh\Pc`cOC_a`gb M_a{tq8`c{Q
« _srsO2m?UQO<Q,U]{h\Rc`cn¦UhO$t2_a{pu_Qv\<y?`cO2mMt2Ol« _sccponotR_U^noqsm)gO<Q¨©qsmMtU^noqsmMQﬀO<Q,Uﬀc{h\£Mbw\ROTM_a{p6« O2bwM{^O<Q^Q^n q8m
_sxMQvU^{_an U^Os¢c~
OTM_a{^Uh_srsOlORQvUegqsmMtTN_abwnoN_ap6¢9,W_smMQﬀpoOt2_8QqKJn pO<Q,U]:q8QhQ^n xcpoO$gO${_ﬂﬁmcO2{ﬀ\Rr8_sp ORNORm?U
Q^`c{poORQ_s`gU^{hORQt2{^n U^LR{^O<QgOy?`M_apon¦Uh\¤gO¤N_amcnoL2{hO¤tqsN.xcnomc\2O8§n p]O<Q,UCORmMtq8{^O:q8QhQvnoxcpoO)« q8gU^noNPnoQ^O2{
poORQU^O2NPMQdgOt2_spot2`cp=¢ miO¬EOURp O<Qt{hn¦UhL2{hORQgOQ^\Rt2`c{hn¦Uh\¤OUdgO)£_sxcnop n U^\¤q8m8UdcORQCgq8N_anomcORQgO
Ł_sp OR`c{hQexcnomM_ano{^O<Qey?`cn_stRtO2m?Uh`cO2m?UWpoOY_a{^Uh_ar8Os¢9+ puQWOR{^NPOU^U^ORm8UTgO{^\<g`cno{^OY« _s`gUh_sm8Ulcpo`MQep6« ORQ^M_st2O
cOl{hORtKMO2{tKcOWORm)O¬EORt­Uh`M_am?UegO$Q^n NPcpoOTU^O<Q,UQﬀx:q?q8p \RO2mMQR¢
 ﬃﬂ ﬃﬂ 
ﬃBHE°w ﬁ # ﬁ °F´° ﬁw ﬁ%HE°R ¥ M³'F©°<# 2F´³´w ﬁ%HE° c°0F´¯mH ﬁ8° ﬃBHE°w ﬁ #  H²>F ±
° ﬁw²a°<ﬁ
~« _smM_apofgQvOTgO$Qvfwm?U^KMLRQ^OTcOWUh{h_sn¦UhO2NPO2m?UﬀŁ_M_a{pu_Q^`cn U^OT:O2{hNO2UvUh{^O$gO$Q^\<tnu_aponoQ^O2{p6« O2bwM{^O<Q^Q^n q8m
_a{p=« `gU^noponoQh_Uhn q8m gOU^{_an U^ORNPO2m?UhQ 5'5

ﬁ' ﬁ7.y?`cnOR`cŁsORm?U¨´_sn {hO)g\Rt2{^q%.oUh{^Opo_Uh_sn pop O)gO<QgqsmcmM\2ORQ
cO2Ł_am?UeUh{h_smMQ^n¦UhO2{TQv`c{lpoO.{h\RQ^OR_s`¢+ pORQvUlt2po_sn {Ty?`« n pﬂ¨´_a`cUTQR« _8Q^Q^`c{hO2{ec`c{h_sm?UltO2UvUhO.\2Uh_a:OPy8`
« `cm QvOR{v
Ł8O2`c{TtORmMQ^\_8t2t`MO2nop pon {TgOmcqs`MŁsOR_s`gb)U^{_an U^ORNORm?UhQWc{^q8q?QvO.`cmORmwŁ?no{hqsmcmcORNPO2m?Ul¥« Obg\<t`gUhn q8m:qs`c{
_srsORm8UQ2¢OR{vU_anomcORQTO2bwU^O2mQvnoqsmMQOR`cŁsORm8U\RŁsORm8Uh`cO2popoO2NPO2m?U{hO2NPqsm?U^OR{ﬀ},`MQhy?`« )p6« _a{tKcn¦UhORtU^Oc_amQ$po_
NPO<Qv`c{hOqKJpoOtq8mMtORgU^OR`c{},`MrsOl},`MgnutnoO2`gb gOPNqggn £MOR{l`Mm Q^O2{hŁwnot2OYc{hn NPn U^n ¨_a£Mmªy?`« nop§`gU^nop nuQ^O`Mm
Uh{h_sn¦UhO2NPO2m?UQv`cMcp \RNPO2m?Uh_sn {hOs¢cOeUh{h_sn¦UhO2NPO2m?UOR`gUQ^qsn U8U^{hOWt2qsNP:q8Q^\Wgno{^O<t­UhO2NPO2m?UQ^`c{p OTQ^O2{hŁsO2`M{
5=tKM_amMrsO2NPORm8UT¥« n m?U^OR{v¨´_8tOP7­¥Qvq8n¦UTc{hqs:q8Q^\.t2qsNPNPO.mcq8`cŁsO<_a`Q^O2{hŁwnot2OYc{hnoNn U^n ¨qs¬:OR{vU$Qv`M{Tt2O.N8RNO
Q^O2{hŁsOR`c{<¢ mMQv`Mn¦UhOsMM_s{vUhn {ﬀgO$p6« O2bgc{^O<Q^Q^noqsmt2qsmMt2{^L2U^Ol\2Ł8O2m?U^`cORp poO2NPORm8Uﬀ\2U^O2mg`cOsMn pŁ_Łs\R{^n £MOR{y?`cO
p6« n NPcpo\2NPO2m?U_U^noqsm¤{hORQ^:ORt­UhO$p O<Q]tq8m?U^{_anom8UhORQﬀgO.Qv\<t`c{hn¦Uh\${^O<y?`cnoQ^ORQ]M_a{]p6« _a{tKcn¦UhORtU^O 5
'
7¢,l_amMQ
mMqaU^{hOeO2bgO2NPcpoOsgQvnEpu_c{hqsM{^no\Uh\W¥« n m?Uh\2rs{hn U^\em
« O<Q,UM_sQŁ8\2{hn¦£M\ROs?p=« _am_apofwQ^O]:O2{hNPOU]gOe{hOUh{^q8`cŁsOR{poORQ
q8xg},OUQ$y?`cn§Łwn q8p ORm8U$pu_dM{^q8c{^no\Uh\s¢~
OPt2qsmMt2O2gUhO2`c{TO<Q,U_apoqs{QT_aNPO2mM\sQ^qsn U$)t2qsmMQ^noc\2{hO2{l`cmcOC_a`cU^{hO
O2bgc{^O<Q^Q^noqsmdt2qsmMt2{^L2U^O 5


'
cQvq8n¦UﬀPgO2N_amgO2{].p=« _a{tKcn U^O<t­U^OT`cm)tKM_smcrsORNORm?UgOTmcnoŁsO<_a`gOQv\<t`g
{hn U^\Yc_smMQWp O{h\RQ^OR_s`¢ ﬂnomM_apoO2NPORm8U<`MmcO¨©q8noQWy8`MOYpoO.tq8mMtORgU^OR`c{W_Cc`g\2U^O2{hNPn mMO2{l`cmcOYO2bgc{^O<Q^Q^noqsm
t2qsmMt2{^L2U^O§:O2{^¨©qs{hN_am?U^O§O2Uﬂy?`cn?r8_a{_am?Uhnp=« n m?Uh\2rs{hn U^\sR`cmcO_amM_sp fgQ^O|gOQ^f?m?UhKcLRQ^O¥« _a{tKcn U^ORtU^`c{hO|Q^`cn Ł_sm8U
pu_T£_sxcnop n U^\WŁH_YOR{^NPO2UvU^{hOW« nomMQvUh_amtnoO2{<8Q^nmc\<tO<Q^Qh_ano{^O8spoORQc{^q8c{hn \2U^\RQgO]£:_axcnop n U^\lgORQ\2po\2NPORm8UQc`
{h\RQ^OR_s`C5´Q^n¦UhORQOUponoO2mMQ"7­¢ |mCO2¬:O2URwpo_Ytqsmc£Mrs`c{_Uhn q8mg`C{h\RQ^OR_a`O<Q,UtqsmMm?`MO]N_anuQM_8Q|poORQc{^q8c{hn \2U^\RQ
cO£:_axcnop n U^\:qs`c{|t2O2{^Uh_sn mcO<QgO]QvO<QﬂO2m?U^n U^\<Q2¢
 
t2OQvUh_8gOspoO]tq8mMtORgU^OR`c{§gnuQv:q8Q^Oﬀ¥« `MmcOﬀQv:\Rt2n¦£tR_Uhn q8m
t2qsNPcpoLUhOeg`d{h\RQ^OR_s`sgOWp=« noNMpo_sm8U_Uhn q8mCg`Q^O2{hŁwnot2O]tqsNPcpoObgO]O2UcORQ|M{^q8c{^no\Uh\RQgOWy?`M_sp n U^\8¢r+ p:ŁH_
¨©q8`c{hmcn {Uhqs`gUhORQﬀt2ORQnomg¨©qs{hN_U^noqsmQﬀ_a`{^O<Qv:qsmMQh_axMp OTg`¤g\2Ł8O2poqsc:O2NPORm8UﬀO2Ueg`¤g\2cpoqsnoO2NPORm8U<¢
"ﬁﬀ  Zb    Z b ``   
'>``b3 ﬂ?> Z	
~
OYg\2Ł8O2poqsc:O2`M{e¥« _accponut2_Uhn q8m_PO2mtKM_s{^r8O$gOYg\RŁsO2poqsMOR{]OUWc\2cpoqfsOR{]p O.QvOR{^ŁwnutOtq8NPcp O2bgO
Q^`c{`cmcO cpo_aU^O2=¨©q8{^NPOgq8mcmc\ROs¢-+ plgq8n¦UnocO2m?U^n £MO2{poORQN\<t2_smcnoQ^NPORQnom8Uh\2r8{^OR{Cq8`c{p O<QdORm8Uhn¦Uh\RQ
m=my^z9{| QD}
Vs  
%ﬀﬃ3&	
c` {h\RQ^OR_s`y?`cn]gqsnoŁsORm?UP_8Q^Q^`c{hO2{YpoORQPM{^q8c{^no\Uh\RQgO£_axMn pon¦Uh\){^O<y8`MnoQ^ORQRﬂQ^`cn U^O¤ªpo_ gO2{hmcnoL2{hO_smM_
pofgQvOgO¤Qvfwm?U^KMLRQ^O¥« _a{tKcn U^ORtU^`c{hOs¢ﬂzqs`c{t2O2pu_cﬂn pŁ_ªQ^`cnoŁw{^Op=« _aMc{^qgtKcOdc{^q8q?Qv\ROc_smMQp O)t2_8g{hO
cOYp6« ORm?Łwno{^q8mcmcORNORm?UeQvU^OR{ 0oSRP4¡:y?`cn6ECM_s{vUhn {l¥« `MmcO.gO<Q^t2{^nogUhn q8mgOYp6« _s{htKMn¦UhORt­Uh`c{hOsMM{^q8q?QvO`Mm
ORmMQ^O2NYxMp OC¥« qs`cU^nopoQYq8`c{.Q^fgQ,Uh\2N_UhnoQ^O2{p6« n m?U^\Rrs{_Uhn q8m gOdp=« _acMp nut2_aU^noqsm_a` Q^O2nomgOCp6« _s{htKMn¦UhORt­Uh`c{hO
cnoQvU^{hn xM`c\2O8¢?~« _scc{hqwtKMOeQvU^OR{QR« _acc`Mn OlQv`c{pu_YQvUh_amc_a{gnuQ^_aU^noqsmCgOlpo_.tq8`MtKcOepoqsr8not2n ORp poOey?`cn¥Q^OWQ^n¦
Uh`cOTO2m?U^{hOlp=« _acMp nut2_aU^noqsmdO2UpoO$QvfgQvU^LRNOT¥« Obgcpoqsn Uh_aU^noqsmQ^qs`Q,o}v_st2O2m?U5=ta¢ ¡a¡tqs`tKcOWNP\<gno_aU^nutnoO2pop OP7­¢
O2UvUhOYtq8`MtKcOT¨©qs`M{^mcn UWgO<QeQ^qspo`gU^noqsmQﬀ{^\R`gU^noponoQh_axcpoORQ]q8`c{]pu_Ctq8mMQ,Uh{^`t­U^noqsm¤gOYp q8rsnutnoO2puQ]tq8NMp O2bwO<Q2¢
~
OU^{_HŁH_sn pﬀg` g\RŁsO2poqsMOR`c{y8`_am?UCªpu_ªNnuQ^O¤O2m

`cŁw{^O)¥« `cm Q^fgQ,UhL2NPO¤¥« Obg\Rt2`gU^noqsm q8`c{`cmcO
_sccponotR_Uhn q8m gq8mcmc\ROORQvUCpo_ t2qsN.xcn m_anuQvq8m gOQ^O2{hŁwnot2ORQPNP\Rcno_aU^nutnoO2puQCgnuQv:qsmcnoxcpoORQRgO)UhO2pop OªQvq8{vUhO
y?`cOYp OYQ^fgQ,UhL2NPO{h\RQ^`cp Uh_am?UeQh_UhnoQv¨´_sQhQvO$poORQeObgnorsO2mtORQegOp6« _sccponotR_U^noqsm 5´po_£_axcnopon¦Uh\Yc_amQ]p6« O2bwORNPcp O
M{^q8q?Qv\P7­¢wzqs`c{`cm)NP\RtR_amcnuQvNPOl{^O<y?`cnoQRgpoORQﬀQ^O2{hŁ?nutO<QNP\<gno_aU^nutnoO2puQﬀ_sQhQvqgt2n \<QQ^qsm?U{^\ROR{vUhqs{hn \<QM_amMQ
`MmcO.xMn xcponoqaU^KMLRy?`cOP¥« _s{htKMn¦UhORt­Uh`c{hOs¢ORQl_a{tKcn¦UhORtU^`c{hORQW{^ORc{h\RQ^O2m?U^ORm8UlgORQTtq8mg£Mr8`c{h_aU^noqsmMQeNP\Rgnu_Uhn¦
t2n ORp poORQtq8mMt{hLUhORQR¢ eQvU^OR{:O2{hNPOU_sn mMQ^n:po_t2qsmMQvU^{h`MtU^noqsmQvfgQvU^\RNP_aU^nuy?`cOegOWpo_t2qs`MtKMO]NP\Rgnu_Uhnot2n ORp poOs
_8c_acU^\2Odp6« _accponut2_Uhn q8m¢¥~O<QWM{^q8c{^no\Uh\RQlgO.£_axcnopon¦Uh\.{hORy?`cnuQvO<QWQ^`c{TpoORQl\2po\2NPO2m?UQlc`ª{h\RQ^OR_s`Qvq8m?U
`cU^nop nuQv\RORQ]c`c{h_sm?Uﬀt2OU^U^O$cKM_8QvO$:qs`M{eQv:\Rt2no_sp nuQ^O2{p O<Qﬀnom8UhO2{_stU^noqsmMQRcgno{^O<t­U^ORNPO2m?UeQv`M{ﬀpo_Pcpu_UhO6¨©qs{hNPO
NP\<gno_aU^nutnoO2pop O8¢Egn WQ,UhO2{TmcO.OR`gU$M_sQlQv:\Rt2no_sp nuQ^O2{e`MmcO.nom?U^OR{h_8t­U^noqsmq8`c{l_8Q^Q^`c{hO2{Wpo_dc{^q8c{hn \2U^\Y{hO
y?`cnuQ^Os
poOdg\RŁsORp q8cOR`c{.tKMO2{tKcOC¤c{hqs:q8Q^O2{$`cmmcqs`cŁ8OR_s` NP\<t2_amMnoQ^NPOdc_amQpu_¤xcnoxcp noqaUhKcLRy?`cO8
q8`
QR« O2m{^O2U^qs`M{^mcOTŁ8O2{QpoOtq8mMtORgU^OR`c{<¢
noO2my?`« eQvU^OR{Q^`cc:qs{^U^OWcpo`MQvnoO2`M{hQNP\Rgnu_Uhnot2n ORpoQ{h\2M_smMg`MQ5´ts¢   ¥¢w


Z  Yﬀ,T


A    f7­
mMqs`MQ§_HŁ8qsmMQﬂtKcqsnuQ^ncgOﬀ{^ORq?QvOR{§Qv`c{§pu_lcpu_U^O2=¨©q8{^NPO¥« _arsORm?UhQNPqsxcnopoORQ|jl{_sQhQvKcq8c:O2{-0 %46sQ^`cc:qs{^Uh_sm?U
_s`MQhQvnxcnoO2mpoORQnom?U^O2{_stU^noqsmMQYM_a{nom?Ł8qgt2_Uhn q8mgnuQ,U_am?U^Oy?`cO_a{P_arsORm?UhQR:qs`c{NPOU^U^{hOORm

`cŁw{hO
poORQ.QvOR{^ŁwnutO<Qg\£mcnoQ.M_s{YpoOdtq8mMtORgU^OR`c{R¢jl{h_8Q^Q^Kcq8cOR{mcq8`MQYQ^O2N.xcp O_acc{hqsM{^no\Cc_amQpu_NPORQ^`c{hO
qJ p O<Qn mwŁ8qwtR_Uhn q8mMQPgnoQvUh_sm?U^ORQCOUCpoORQC_srsO2m?UQNPqsxcnop O<QQvq8m?UU^{_an U^\RQdgO¤N_amcnoL2{hO)`cmcn ¨©qs{hNOM_amMQ
poORQNnuQ^ORQORm

`cŁw{^OPO2UYn pOR`gUQR« _acc`MfsO2{Q^`c{.p ONP\Rcno_aU^nutnoO2p


Z  Y¢=,.« _s`gU^{hORQcpo_aU^O2=¨©q8{^NPORQ
_s`c{_anoO2m?Udc` 8U^{hO+tKcqsnuQvnoORQ 5©¢ Ob¥¢Łsq8n { 0 Sﬂ4$q8`c{`MmcOª\2U^`McO t2qsNPM_a{_Uhn Ł8O 7¢ŁH_sm?U)gO {h\R_aponuQvOR{
p6« n m?U^\Rrs{_Uhn q8m)cORQ]NP\<t2_amMnoQ^NPORQ]gOU^qspo\2{_amtO_a`cb¨´_s`gU^O<Q]:qs`c{l_arsORm?UhQ]_s`QvORn mgO<Q]xcnoxcpon qsU^KcL<y?`cORQ
WQ,UhO2{<8mMqs`MQ{^ORq?Qvq8mMQQ^`c{gORQQ^O2{hŁ?nutO<Q|gOlOR{hQ^nuQ,U_amMt2O]n m?Uh\2rs{h\RQp6« nomg¨©{_sQvU^{h`Mt­Uh`c{hOljl{_sQhQvKcq8c:O2{<
y?`cnﬂ:O2{hNO2UvUhO2m?Ul¥« _sQhQ^`c{^OR{]poORQWc{^q8c{hn \2U^\RQWgO£:_axcnop n U^\.{^O<y?`cnoQ^ORQR¢~
ORQWQvOR{^ŁwnutORQeOR`cŁsORm?Ulgq8mMt68Uh{^O
c\2cpoqfs\<QeORmUh_sm?UTy?`cO.U^ORp=¢eqaU^{hOYM{^ORNnoL2{hONnuQ^O.ORm

`cŁw{hO.g`+g\2Mp q8n ORNORm?Ulr8\2mcLR{^OgORQT_ar8O2m?UhQ
Q^qs`Q¨©qs{hNOcOtqggOQ^qs`c{tO8¢OUCqs`cU^nopegOg\Rcp q8n ORNPO2m?UCORQvUCn NPcpo\2NPORm8Uh\O2m ?_HŁ_ªO2UCc{hqwc`cn¦U
`MmAtqggOQ^qs`c{tO)q8{^noO2m?U^\¤Ł8O2{Qdjl{_sQhQvKcq8c:O2{<¢@+ peORQvUd:q8QhQvnoxcpoOy?`cO¤poOg\2Ł8O2poqsc:O2`M{Cn m?UhO2{hŁ?noO2mMmcOs
ORm cO2{hmcn OR{Tp noO2`Q^`c{TpoOPt2qggOQ^qs`M{ht2O.r8\2mc\R{^\.q8`c{$c{hqs:q8Q^O2{l`cmcOPn m?UhO2{^¨´_stOrs{_aMKcnoy?`cO8M¨©q8{^N_aU^O2{
poORQl{h\RQ^`cp Uh_UQlqs` `gU^nop nuQ^O2{gO<QeUh{h_sn¦UhO2NPO2m?UQ$¥« O2bctO2cU^noqsmMQlM_s{vUhnot2`cp noO2{QR¢:zq8`c{TObg\Rt2`gU^OR{l`Mm Q^O2{hŁwnot2O
t2qsNPcpoObgOQv`M{$`cm+{^\<QvO<_a`O2bgnoQvUh_sm8UORmª`cU^nop nuQ^_sm?UmcqaUh{^OPrs\Rmc\2{_UhO2`c{<Ep O<QT\U_a:ORQ)Q^`cn Łw{hOQvq8m8U$poORQ
Q^`cnoŁ_am?U^O<QaH
Ss¢ﬀt{h\R_aU^noqsm)gORQﬀQ^O2{hŁwnot2ORQc{hn NPn U^n ¨´Q]y?`cn
Q^qsm?Uﬀn NPcpo\2NPO2m?Uh\RQﬀM_s{ﬀgORQ]_srsORm8UQ2
Vg¢ﬀ)M_a{^U^no{YgOp6« Obgc{hORQhQvnoqsm+tq8mMt{hLUhOs¥poOCtqsNPcnopu_U^OR`c{Yt2{^\ROpoORQYgn¦¬E\2{hO2m?UQ_ar8O2m?UhQy?`cnn NPcpo\
NPO2m?U^ORm8U]poOQ^O2{hŁ?nutOTtq8NPcp O2bgOs
c¢Obg\Rt2`gU^noqsmCc`dQvOR{^ŁwnutO]t2qsNPcpoObgOﬀM_a{po_smMtORNPO2m?UtKcO ﬀp Oltpon ORm8U<
ﬃ ﬁ
p6« ORmwŁ?no{hqsmcmcORNPO2m?U¥« Obg\
t`gUhn q8mjl{_sQhQvKcq8c:O2{<s¥« `cm_srsO2m?Ut2qspop O<t­U^OR`c{y?`cn:pu_amMt2OepoORQcn¦¬E\2{hO2m?UhQ_ar8O2m?UhQ 5©`cm_arsORm?UM_a{
tq8mMQ,Uh{^`t­U^noqsm)³ ﬁ?°P7cO2Ł_am?U]nom8UhO2{_ar8n {ﬀ.U^{_HŁsOR{hQp O${h\RQ^OR_s`
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
VcS
M¢O2mg£m¥`cmcO¨©qsnuQlp O<QT{^\<Qv`Mp¦U_UhQTg`+Q^O2{hŁ?nutOtq8NMp O2bwO{h\Rt`M\R{^\<Q2Ep6« `gUhn ponuQ^_aU^O2`M{l:O2`cU{^ORpo_smMtOR{
tOQ^O2{hŁwnot2Olt2qsNPcpoObgOTqs`)Qv`cMc{^noNPO2{ﬀp6« _srsORm8U]t2qspop O<t­U^OR`c{]QR« nop¥m« O2m¤_cp `QﬀxO<Qvq8n m
¢
" d	ﬃ _> Z	 
	" "	 b
	    ﬂ? h` Z	  
Xﬂ ﬂm  _
zqs`M{CQv:\Rt2n¦£MOR{p O<QPmcqaUhn q8mMQgO)Łw`cO¤{h\RQ^OR_a` OUdgO¤Q^O2{hŁwnot2Osmcqs`Q_HŁsqsmQtKMqsnuQvnﬀ¥« `gU^noponoQ^O2{C`Mm
pu_amMr8_ar8O]gOTgORQht{hn cU^noqsmd¥« _a{tKcn U^O<t­U^`M{^O<QgOlp q8rsnutnoO2puQB0 24¡¢MOUvUhOl_scc{hqgtKcO]:O2{hNO2UcOe{hO2:q8Q^O2{Q^`c{
`Mmªt2_8g{hO$¨©qs{hNPO2p§_£MmªgO.{_anuQ^qsmcmcOR{eQ^`c{Tpo_Q,Uh{^`MtU^`c{hO.c`ªQ^fwQvU^LRNPO.dt2qsmMQvU^{h`cno{^O8¢ p poOcn¦¬E\2{hO2mMt2n O
t2po_sn {hO2NPORm8Ulp O<QWt2qsNP:q8Qh_am?UhQlg`ªQ^fgQ,UhL2NPOYO2UlpoO2`M{hQWn m?UhO2{_st­Uhn q8mMQ;5©O2mU^OR{^NPO.cOt2qsmcmcO<t­UhO2`c{QM7¢:~
ORQ
t2qsNP:q8Qh_am?UhQQvq8m?UgO<Q`Mmcn¦Uh\RQ)gO t2_spot2`cplOU¤p O<Q)tqsmMmcORtU^O2`M{hQR`Mm
N(M#%ﬀ
gO+tqsNPN.`cmcnut2_Uhn q8m
ORm?U^{hOWtOR`gbw¡t2n=¢wzqs`M{pu_.cORQht{hn gUhn q8mdgOTQvOR{^ŁwnutO<Q2?mcqs`QQ^`cnoŁsqsmQ`cmMOl_scc{hqwtKMOe\Ry?`cnoŁ_apoO2m?U^O88qJdpoORQ
nom?U^OR{v¨´_8tORQgOtqsNP:q8Qh_am?UhQ{^ORc{^\<QvORm?U^O2m?U
poORQQ^O2{hŁwnot2ORQ¥c{hnoNn U^n ¨´QﬂOUqKJpoORQﬂtq8mcmcO<t­U^OR`c{Q{hO2c{h\RQ^O2m?U^ORm?U
cORQCM{^qsU^qgtq8p O<QC¥« n m?U^OR{h_8t­Uhn q8m¢~
Opu_amcr?_arsO)c{hqs:q8Q^\:O2{hNPOUpu_gO<Q^t2{^nogUhn q8mA¥« _sccponotR_Uhn q8mMQCORm
UhO2{hNPO¥« n m?UhO2{tqsmMmcObgnoqsmgOtqsNP:q8Qh_am?UhQ
p q8rsnutnoO2puQ2ROU_sQhQvqgtnoOgO<Q
M{^q8c{^no\Uh\RQgOy?`M_sp n U^\gOQ^O2{hŁwnot2O
_s`gbtq8NPq?Q^_sm8UQYO2UPt2qsmcmMORt­UhO2`c{QR¢c?em t2qsNPq?Q^_sm?U:O2`gUKc\RxOR{^r8O2{cpo`MQvnoO2`M{hQPQ^O2{hŁ?nutO<QYM{^noNPn¦Uhn¦¨´Q
q8`tponoO2m?UhQR¢<?emcOdnomwŁsqgt2_aU^noqsmgnuQvUh_am?UhOd{hO2c{h\RQ^O2m?U^Od`cmc{hqaUhqwt2qspoOC{hORy?`98UhO {^\<Qv`cp Uh_aUR{^ORp nu_am?U.gOR`gb
nom?U^OR{v¨´_8tORQTgOt2qsNPq?Q^_sm?UhQRE_sp q8{hQTy?`« `cm+_arsORm?UTNPq8xcn poOs¥Łw` \2r?_apoO2NPO2m?Utq8NNPO`cmcOnom?U^O2{_stU^noqsm
O2¬:O<t­Uh`cO$po_pono_snoQ^qsmqs{gq8mcmc\2OlO2m?Uh{^OTcpo`MQ^n OR`c{hQnom?U^OR{v¨´_8tORQﬀcOTt2qsNP:q8Qh_am?UhQ65´K?fw:O2{_a{t37¢
    
w²F² g° F´¯mH #w ﬁc
zqs`M{Cpo_+Q^\<tn £t2_aU^noqsmig` {h\RQ^OR_a` OUdcOQvO<QPc{^q8c{hn \2U^\RQR§mcq8`MQc{hqs:q8Q^qsmMQ`cmMOQvfwm?Uh_abwO¤y?`cn
t2qsNPc{hO2mMﬁH
J
po_mcqsU^noqsm+gOCtq8NPq?Q^_sm8UN5´²8¯ ¯ H ﬁ%HE° 7eOUYt2qsmcmcO<t­UhO2`c{ 5=²s¯mH H ﬁw²a°R¯ %7lq8`c{Q^\<tn £MO2{$poORQ
QvOR{^Ł8O2`c{QOU]poORQpon ORmMQR
J
p=« nom8Uh{^qgg`t­U^noqsm¤¥« _U^U^{hn xM`gUhQmcq8mg6¨©qsmMtU^noqsmcmcORpoQﬀM_amMQ`cm¤tKM_sNP  ¯  ﬁH°0F ﬁw$gO$tORQ]O2m?U^n U^\<Q2
J
`cmcOM_s{vUhn O H ﬁ8°  Y¯  

F@H #>F'H:Pq8`c{$g\Rt2{^no{^Opu_t2qsmg£rs`c{_Uhn q8m¥« `cm+{^\<QvO<_a`¤£MmMn=¢g`cn Ł_sm8U
p Ors{_anom¤`gUhn ponoQ^\M_a{Wp=« _a{tKcn U^ORtU^O8poOY{h\RQ^OR_s`¤OR`gU68U^{hOY{hO2M{^\<QvORm8Uh\Y_a`mcn Ł8OR_s`gO.pu_dt2qs`MtKMO
cKwfgQvnuy?`cOscgO$pu_Ptq8`MtKcOTNP\Rgnu_Uhnot2n ORp poO$qs`O2mMt2qs{hOlcO$po_Ptq8`MtKcOTpoqsrsnuy?`cOs¢
,WORQ]n mg¨©q8{^N_aU^noqsmMQ]Q^`ccMp \RNORm?Uh_ano{hORQRgU^ORp poOy?`cOp6« _8g{^O<Q^Q^O ﬁOUWp O$:qs{^UegORQWQvOR{^Ł8O2`c{QRwQ^qsm?U]\Rr8_apoO
NPORm8Uﬀnom?U^{hqwc`cn¦UhORQRg_£Mm)gOTq8`cŁsq8n {rs\Rmc\2{hO2{_a`cU^qsN_aU^nuy8`MO2NPO2m?Up O<Qn m?U^OR{h_8t­Uhn q8mMQQ^`c{mcqsU^{hOWcpu_UhO
¨©q8{^NPOtnoxcpoOs¢~
_Wc{h\RQ^O2mMt2O¥« `cmO2mwŁwn {hqsmMmcO2NPO2m?U¥« O2bg\Rt`cU^noqsm.« _srsO2m?UQO<Q,U\2r?_apoO2NPO2m?U§Q,Uhn M`cp \ROs¢?]m
O2bgO2NPcpoO]gO]Qv:\Rt2n¦£:t2_Uhn q8mgOetq8NPq?Q^_sm8U§O<Q,U|c{hqs:q8Q^\ﬀc_amQ§po_l£rs`c{hO]c¢r,WO]N_amMn LR{^OﬀQ^n NPnopo_sn {hOsa`Mm
t2qsNP:q8Qh_am?Uetpon ORm?UeORQvUeg\£mcn_a{]p6« nom?U^OR{v¨´_8tOgOYQ^ORQﬀU^{_an U^O2NPORm8UQ2:_a`gbcy?`cORpoQﬀmMqs`MQ]_8Q^Q^qgtnoqsmMQﬀM_amMQ
poOYtKM_sNP  ¯  ﬁ<° F ﬁwpu_PU_anop poOYg`t2qggOYgOpu_P¨©q8mMt­Uhn q8m:_sn mQvnﬂy8`MOYQvO<Q]mcnoŁsO<_a`gb)gO.t2qsmg£:gO2m?U^nu_
pon U^\O2UW¥« n m?U^\Rrs{hn¦Uh\s¢M~
ORQU,fw:ORQRMpu_Uh_sn pop OYOUepoORQﬀmMn Ł8OR_a`cbgOYQ^\Rt2`c{hn¦Uh\gORQWgqsmcmM\2ORQeQvq8m8U]\Rr8_sp ORNORm?U
c\Rt{hn UhQR¢|~ORQPnom?U^OR{v¨´_8tORQC5´Łsq8n {£Mr8`c{^OCO7.cORQP¨©q8mMt­Uhn q8mMQPqa¬EO2{^U^O<QPM_a{poORQt2qsNPq?Q^_sm?UhQPQvq8m?Uc\£c
mMn O<Q_a{^UOUtqsm?Uhn ORmcmcO2m?Up O<QQ^n r8mM_Uh`c{^O<QgO<Q§¨©q8mMt­Uhn q8mcmM_apon U^\RQRwy8`Mntq8{^{hORQ^:qsmMgORm?U_a`Cc{hqaUhqaU,fw:O
cORQ¨©qsmt­U^noqsmQn NPcpo\2NPO2m?Uh\2ORQec_amMQ`Mm£:tKcn OR{ﬀQvq8`c{ht2Os¢ceqs`MQfd_8Q^Q^qgtnoqsmMQRwO2m)cpo`MQRgp O<QﬀQvnorsmM_aU^`c{hORQ
mMqsmg6¨©qsmMtU^noqsmcmMO2pop O<Q2¢
m=my^z9{| QD}
V8V  
%ﬀﬃ3&	
²s¯:¯mH ﬁdHE° n xMp noqaUhKcLRy?`cO 
 ¯ BF # ﬁ?TxMn xcponoq
+
Mxcn xMp noqc
ﬁw² ﬁ%F ﬁw® ¯  F´³ ﬁ   ﬁdHE°<emMqsm
 ¯  ﬁH°0F ﬁw
²8¯ H  # ﬁ%HE°0F c³'F´°!ﬃ mcq8mg¡Qc{
F@HE° ﬁ ",F´°!ﬃ+Qc{
 cﬂ³©°<¯³ ﬁ Hﬂ² ﬁC£_axMp O
 # #  ﬁw<PS3OsM¢ Vg¢ OaM¢ 2sHﬀas8
	
T;UXWﬃY:
J
N
(M!ﬂ ! %'
% #  ﬀ !" 9	 %
F@HE° ﬁ c² ﬁxcnoxcp noq
+
 
~nuQ,U"egfhei$'fkj _ﬀ?jﬀ5´aHwM_U^OP7
 ¯  ﬁ<° F ﬁw
 ﬁ ¡¯  Hﬂ² ﬁ

   
²s¯mH  # ﬁ%HE° F c³@F©° ﬃ

(mcqsmg Qc{
F'HE° ﬁ  ,F©° ﬃ

 Q c{
F´³ ﬁw ﬁ%HE° c°0F´¯mH¤xcnoxcpon q+ mg¨©qM¢ }v_HŁ_
	
TVUXWﬃY>O
J
N
9("!ﬂ ! Y
 #  ﬀ> kﬂ r!"
   ﬃﬂ 
w²F² g° F´¯mH # ﬁw ﬁ  ﬁwR F´¯mHﬂ   R°F©° ﬁw ﬁ8°²8¯ Hﬂ²?° ﬁw
~_tqsmc£Mrs`c{_Uhn q8mcgn U^OY_sxMQvU^{_an U^Ostqsm?Uhn ORm8U]ORm¤cpo`MQegO<QﬀnomMQ,U_amMt2ORQ]cOYtq8N:q8Qh_am?UQ2gp6« O2bgc{^O<Q,
Q^noqsm$¨©q8mMt­Uhn q8mcmcO2popoOg`QvOR{^ŁwnutOt2qsNPcpoObgOsH_sQhQvqgt2n \RO_a`gb$c{hqsM{^no\Uh\RQmMqsmg6¨©qsmMtU^noqsmcmMO2pop O<Q
y?`cOp6« _a{tKcn¦
UhORtU^OeQ^qs`cK_an U^O]Ł8qsno{|Łs\R{^n £M\2O<Q§M_s{|p OlQvOR{^ŁwnutO8¢s~
_T£rs`c{hO$SR$M{^\<QvORm8UhOﬀ`cmdQhy?`cO2poOU^U^OegOWQv:\Rt2n¦£tR_Uhn q8m
cOtqsmc£Mrs`c{_Uhn q8mc`)Q^O2{hŁwnot2Otq8NMp O2bwO$gq8mcmc\ORm)ObgO2NPcpoOc_amQﬀpo_Q^ORtU^noqsmVg¢ Vg¢


m¤\2U^ORmM)gqsmMt
²8¯ H   g°0F=¯ HgO2{hŁ?nutOqsNPcpoObgO 
F'Hﬂ2° H² ﬁwYGH pon ORm?UH noxcpon qsU^KcL<y?`cOc~sH ~_ax:qWSrH qsmMmcORtU^O2`M{h~_amMVﬀH qsmMmcORtU^O2`M{ +_am
H ﬁ?°  Y¯   

F'H #>F'HYi°R¯ i°¯:  WSi°<¯¤~+°  H¯:  V
ﬁ  ﬁwR F´¯mH
³ ﬁ?°
*
+
D 
/
ﬀmf$'n
*
 
/
egfhei$Xfj
+

/
ﬂ
+
-

/
egfhei$Xfj
c

/
ﬂ
c
;F'H
ﬀ
/
egfhegn 
ﬁ*
+
-

/ 
j
*
		 ﬀ
/

	
*
+
 
 ¯  ﬁ<° F ﬁw
 ﬁ ¡¯  Hﬂ² ﬁNPnomM²s¯mH  # ﬁ%HE°0F M³'F©° ﬃ mcqsmc¡Qc{F'HE° ﬁ  ,F©° ﬃªQc{  M³´°R¯:³ ﬁH² ﬁCmc\<_am?U

F@H #>F'H
³ ﬁ?°
*.+
D<%j
'5 6
 
/
egfhei$'fj
+
7j
68 '
Bﬂ   
/
ﬂ
+
F'H
³ ﬁ?°
*
cD<%j
'5 6
 
/
egfhei$'fj,c 7j
68 '
Bﬂ   
/
ﬂcF'H
³ ﬁ?°
*%9
D 
/
ﬀmf$Xn
*
 %Bﬂ 
*,+,-3*
c VF'H
³ ﬁ?°
*$:d-*;
D4j='5 >  
/
egfhegn 

 
/

	  
/ 
j
*
		  %j?>7 ' %Bﬂ    
*
9
F@H 
*%:-3*%;
ﬁ	
TVUXWZYﬂS<
J
N
9("!ﬂ ! Y
 #  ﬀ 	ﬂﬂﬃ3
!";!"  F
pu_TM_s{vUhn Oe²8¯ H   g°0F=¯ HO2mfP_},qs`cUh_am?U|p6« O2bgc{^O<Q^Q^noqsm_axMQvU^{_an U^OﬀO2UQ^ORQ|M{^q8c{^no\Uh\RQ|M_amMQ§poOetKM_sNP
ﬁ  ﬁ?< F´¯mH¢
 
t2O.QvUh_8gOcO.Q^\<tn £t2_aU^noqsm¥y?`cO2puy?`cORQl_am_apofwQ^ORQWQvnoNPcpoORQ5©¢ Ob¥¢:U,fwM_ar8O 7]OR`cŁsORm8U
:O2{hNPOU^U^{hOgOŁs\R{^n £MOR{`cmMOt2O2{^Uh_sn mcOtq8Kc\2{hO2mMt2OORm8Uh{^Opu_eŁw`cO{^\<QvO<_a`O2U§po_WŁw`cOc`.Q^O2{hŁ?nutOtq8NPcp O2bgO
5=Ppo_¨©qsnuQ¨©qsmMtU^noqsmcmMO2pop OO2Uemcq8mg=¨©q8mMt­Uhn q8mcmcORp poO 7¢cz§_a{]O2bwORNPcp O8M`cmQ^O2{hŁwnot2O 	%mcO$:O2`gUT_sQhQv`c{hO2{ﬀ`Mm
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
Vs
mMn Ł8OR_a`¤gO.Qv\<t`c{hn¦Uh\$\2poO2Ł8\Qvnp OQ^O2{hŁsOR`c{]Qv`M{epoORy?`cO2p
n pORQvUen NPcpu_am?Uh\ORQvUWg\2£Mmcnt2qsNPNPOTU^qsUh_apoO2NPORm8U
mMqsmg Qv\<t`c{hnuQv\8¢
~
OYcpo`MQeQ^qs`MŁsO2m?U<MpoORQecORQht{hn gUhn q8mMQ]¥« _a{tKcn U^O<t­U^`M{^O<Q]Qv:\Rt2n¦£O2m?UWpoORQep nu_anuQvq8mMQﬀORm8Uh{^O.tqsNP:q8Qh_am?UhQ
cn {hORtU^O2NPORm8UTCp6« _snocO.gO<Qlt2qsmcmMORt­UhO2`c{Q]M{^\<QvORm8UQWM_amMQWpo_dŁw`cOY{h\RQ^OR_s`¢ ]£MmªcOY:qs`cŁ8qsno{WQ^\<tn £MO2{
`MmcOt2qsmg£Mr8`c{_U^noqsmt2qsmMt2{^L2U^Ody?`cn¨´_sn¦UP_acM_s{h_.oUh{^OpoORQgn ¬:\R{^ORm?UhQc{hqaU^qgt2qspoORQ$ORNMp qf8\RQR
mcq8`MQYnomg
Uh\2r8{^q8mMQegno{hORt­UhO2NPO2m?Ulp=« Obgc{hORQhQvnoqsmt2qsmMt2{^L2U^O 5©noNYxc{hnotR_Uhn q8mgOPtqsmQ,Uh{^`MtU^noqsmMQW³ ﬁ?° 7ec_amQepu_d_a{^U^noO
 F'H #>F'H8¢c]q8`MQﬀ_HŁsq8mMQﬀtKcqsnuQ^ngOT¨´_ano{^O_scM_s{h_.oUh{^Olp O<Qﬀc{hqaUhqwt2qspoORQﬀ¥« nom8UhO2{_stU^noqsmMQﬀQ^qs`MQ¨©q8{^NPOgO
t2qsmcmMORt­UhO2`c{QR¢s]q8`MQq8xgU^ORmcqsmQ_anomMQ^nM`cmQ,U,fwpoOe_a{tKcn U^ORtU^`c{_aptpon ORm8U^¡Q^O2{hŁsOR`c{|y?`cnEg\£MmMn¦U`cmcO]¨´_sNPn pop O
« _s{htKcn U^O<t­Uh`c{^O<Q2w{hO2:q8Qh_am?U]Qv`M{ﬀp O<Qﬀn m?UhO2{_st­Uhn q8mMQM_s{ﬀn mwŁsqgtR_U^noqsmgnuQ,U_am?U^O8c\2Ł_apo`M_aU^noqsm)gnoQvUh_sm?U^O$OU
_srsORm8U<¢ en mMQ^n6:`Mm_ar8O2m?UWNPqsxMn poOYŁ_ 82U^{hO{hO2c{h\RQ^O2m?U^\YM_a{l`cmt2qsmcmcO<t­UhO2`c{<ponu_am?UWpoO.t2p noO2m?Ul_s`gbQvOR{v
ŁwnutO<Qﬀc{hn NPn U^n ¨´Q]O2mMr8_ar8\RQﬀc_smMQﬀp6« nom?U^OR{h_8t­U^noqsm
¢:OTU,fwOYcOYtq8mcmcORtU^OR`c{]ORQvU]qs{hnoO2m?U^\8cp O<QﬀNPn r8{h_aU^noqsmMQ
\2Uh_sm8UﬀO2bwMp nutn U^O<Q]c_amQ`cmcO$Obgc{hORQhQ^n q8mtq8mMt{hLUhOs¢
"    ﬂﬀ"%% Z	
+ pwORQvUﬂt2po_sn {y?`cOp6« _arsORmMtORNPO2m?UﬂgO<Qcn¦¬E\2{hO2m?U^O<Q_smM_apofgQvO<Qc{hqs:q8Q^\2O<Q
c_smMQp=« O2mwŁwn {hqsmMmcO2NPO2m?Uﬂm« O<Q,U
y?`« `cm)tKcqsn bM_a{hNPn¥¥« _s`gU^{hORQR¢g]q8`MQtqsmQvnug\2{hqsmQy?`« n pEO<Q,UﬀM_s{vUhnot2`cp noL2{hO2NPORm8U`gUhn poOl_s`t2qsmMt2O2gUhO2`c{
« _sccponotR_U^noqsmQgOCQ^O2{hŁ?nutO<Q$tpon ORm?UhQR¢]q8`MQ$mcq8`MQQ^qsNPNPORQ${hORQvU^{hO2nom?UhQUh{h_sn¦UhO2{$poORQYc{^q8c{hn \2U^\RQTnomg
c\2:O2mMc_sNPNORm?URQ^_smMQQR« nomMy?`cno\U^OR{.gO<QnoNPM_stUhQY« `cm tKcqsn b ¥« noNMp \RNORm?Uh_Uhn q8m¥« `cmt{hn U^L2{hOdgO
y?`M_sp n U^\O2mwŁ8O2{QpoORQ_a`gUh{^O<Q2¢Hz§_a{ﬂObgORNMp O8HM_amMQﬂp6« ORm?Łwno{^q8mcmcORNORm?Uc{hqs:q8Q^\s<p OﬀtKcq8n¦bgOp6« O2bwM{^O<Q^Q^n q8m
t2qsmMt2{^L2U^O$q8gU^noN_apoO$O2m)U^OR{^NPOgOYOR{v¨©q8{^N_amtO$:O2`gU8U^{hO${hO2NPnoQ]O2mt2_s`MQ^OQv`cn U^O.Ppo_CQ^fwm?U^KcL<QvOgO
p6« _a{tKcn¦UhORtU^`c{hOWqJnop:O2`gUB82U^{hOTmc\Rt2ORQhQ^_sn {hOl« noNPq?QvOR{]gORQNP\RtR_amcnuQ^NO<QﬀgOlU^q8p \R{h_smMtO<Q_s`gbC¨´_s`gU^O<Q2
y?`cnnomMg`cnuQvORm?Ug` Uh{h_a£ta¢§wnmcqs`Q._HŁwnoqsmMQTUh{h_sn¦Uh\dpu_¤£_sxcnop n U^\q8`c{Yp6« \2Uh_sO)gOd{_ﬂﬁmcORNPO2m?UYOUpo_
:O2{^¨©qs{hN_amMt2O:qs`c{lpo_Qvfwm?U^KMLRQ^O.gOp=« _a{tKcn U^O<t­U^`M{^O8MpoO.c{hqsxMp LRNO_a`c{_an Ue\2U^\Nq8n mg{^O8¢ ,l_amQ]Uhqs`MQ
poORQﬀtR_sQRgp Ot2qsmMt2O2gUhO2`c{:O2`gUW`gU^nop nuQ^O2{ﬀpoORQ]gn ¬E\2{hO2m?UhQq8`gU^nopoQ:qs`M{e_sQhQvnuQvU^O2{ﬀQ^qsmObg:O2{^U^nuQvO8¢
eqs`MQW_HŁsqsmQﬀc{h\RQ^O2m?U^\$p6« `cU^nop nuQ^_aU^noqsmcOp=« O2mwŁwno{^q8mcmcO2NPORm8UWQ,UhO2{Wq8`c{epu_CQ^\<tnu_aponoQh_Uhn q8m¢EO2UvU^O
_8Q^Q^qgtnu_Uhn q8m _ `cmAgq8`cxcpoOx:\2mM\£t2Os¢z{^ORNnoL2{hO2NPORm8U<|c_amQp OtR_sg{hO¤¥« _a{tKcn¦UhORtU^`c{hORQPgOQ^O2{hŁwnot2O
t2p noO2m?U< eQvU^OR{ﬀmcOTU^{_an U^O$y?`cO$poORQﬀnom?U^O2{_stU^noqsmMQgOTU,fw:O$n mwŁ8qwtR_Uhn q8mgnuQ,U_am?U^O8¢M]qsU^{hO$_acc{hqgtKcOlOR{v
NPO2UTp6« n m?U^{hqgg`MtU^noqsmªcORQT_ar8O2m?UhQWNPqsxcnop O<QTtqsNPNPO`cmªmMqs`cŁ8OR_a`c{^qsU^qgtq8p O¥« n m?U^OR{h_8t­Uhn q8mªc_smMQTtOU
ORmwŁ?no{hqsmcmcORNPO2m?UR¢F,eOR`gbgn LRNPO2NPO2m?URgpoORQUhORtKcmMnoy?`cO<QcOlg\RcpoqsnoO2NPO2m?UﬀO2mwŁsOR{hQgO<Qt2{^n U^LR{^O<QgOly?`M_sp n U^\
M{^q8q?Qv\RORQc_amQp O<Qqs`gUhn puQ eQvU^OR{Rw¨´_8tnop n U^ORm?U]po_Ptq8mMQvU^{h`Mt­Uhn q8mQ^fgQ,Uh\2N_Uhnoy?`cO$g`¤Q^fwQvU^LRNPOs¢

 1
2
eqs`MQ._HŁsqsmQ$c{h\RQ^O2m?U^\C`MmcOd_aMc{^qgtKcOCy?`cn:qs{^U^OdQ^`c{Y`Mmc{hqsxcpoL2NPOC¥« n mMrs\2mMn OR{^noOsﬂQ^_HŁ8qsno{$po_
t2qsmMQvU^{h`MtU^noqsm gOdQ^fgQ,UhL2NPORQ${h\2_a{^U^nuQ2¥{hORQvU^{hO2nom?U^OC_a`cb _aMcp nut2_aU^noqsmMQYgOU,fwOtpon ORm8U^¡Q^O2{hŁwnot2Os¢eqs`MQ
_HŁ8qsmMQg\2£Mmcnc`MmPQhtKc\RNP_TgOxM_8QvO:qs`c{po_TQ^\<tn £t2_aU^noqsmPgORQ§nom?U^OR{h_8t­U^noqsmQ2¢+ pwUh{h_sn¦UhOssQ^qs`MQ`MmN8RNO
¨©q8{^N_sp nuQvNPO8gO<Q]nom8UhO2{_stU^noqsmMQ]cOU,fwO.n mwŁ8qwtR_Uhn q8m)cnoQvUh_sm8UhOs:\2Ł_apo`M_aU^noqsmgnuQ,U_am?U^OYOUl_srsORm8UQ]NPqa
xMn poORQR¢Od¨©q8{^N_sp nuQvNPOqs`cŁw{hOpu_ Łsq8n O)ªcORQ_am_apofwQ^ORQy?`cnﬀ:O2{hNO2UvUhO2m?UCgO¤tqsmQ,Uh{^`cno{hO`cmMONPnuQvO
ORm

`cŁw{^OTr?_a{_am?U^nuQ^Qh_am?UﬀgORQec{hqsc{hn \2U^\<QﬀgO:O2{^¨©qs{hNP_smMtO8cgOYQ^\Rt2`c{^n U^\$O2UWgO$£:_axcnop n U^\8¢eqs`MQﬀmMqs`MQ
Q^qsNPNPORQcpo_8t\<Qg` :qsnom8UgOCŁw`cOCg`t2p noO2m?U.gOdNP_smcnoL2{hOC)NnomcnoNPnoQ^O2{.p OUh{h_a£tPrs\Rmc\2{h\M_s{YQvq8m
Q^O2{hŁwnot2OCtq8NMp O2bwO8Q^\Rt2`c{^nuQ^O2{Q^ORQYcqsmcmc\RORQYOUUh{h_sn¦UhO2NPO2m?UYO2U£_axMn ponoQ^O2{QvO<Q$nom8UhO2{_stU^noqsmMQ_HŁ8ORtPpoORQ
m=my^z9{| QD}
Va  
%ﬀﬃ3&	
Q^O2{hŁwnot2ORQTgnuQ,U_am?UhQR¢]qsU^{hOPNqggLRp OmMqs`MQ$_:O2{hNnuQ$gONPOU^U^{hOPO2m+Ł_apoO2`c{$p6« `cU^nop n U^\CgOp6« \2Ł_apo`M_Uhn q8m
cnoQvUh_sm8UhOTOU]gORQﬀ_srsORm8UQNq8xcnop O<QM_amMQﬀt2OWU,fw:O$¥« _sccponotR_Uhn¦¨,¢czp `MQ_a{^U^nut`cpon LR{^ORNPO2m?URgpoO$t{hn¦UhL2{hOlgO
:O2{^¨©qs{hN_amMt2Os:Qvq8`cŁsORm8UlNPnoQWO2m _HŁH_sm?Ueq8`c{},`MQ,Uhn¦£O2{Tp=« `MQh_ar8OYgORQT_srsO2m?UQ]NPqsxcnopoORQRO<Q,Ulnot2nﬂnom?U^\Rrs{h\
M_amMQﬂgORQ_smM_apofgQvO<QO¬EORtU^noŁsO<Q2¢P,eOcpo`MQR<pu_lt2_a_stn U^\gORQﬂ_ar8O2m?UhQﬂ]O2¬:O<t­Uh`cO2{§gO<Q
Uh{h_sn¦UhO2NPO2m?UQg\Rq8{v
Uh\RQRslpo_$cn¦¬E\2{hO2mMt2O]gORQ|n m?U^OR{h_8t­Uhn q8mMQtpu_sQhQvnuy?`cORQM_s{§n mwŁ8qwtR_Uhn q8mgnuQvUh_am?UhOs:O2{hNO2UgOUh{h_smMQ,¨©q8{^NPOR{
poOY{h\RQ^OR_s`gO.Q^O2{hŁwnot2ORQﬀORm`cmªŁs\2{hn Uh_axMp OORmwŁ?no{hqsmcmcORNPO2m?UW¥« Obg\Rt2`gU^noqsmªgnoQvU^{hnoxc`c\2O8¢+ p§gORŁ?noO2m?UT_apoqs{Q
:q8QhQ^n xcpoOPgOQv:\Rt2no_sp nuQvOR{$p6« _anugO« `cm Uh{h_sn¦UhO2NPO2m?UR¥gno{hORt­UhO2NPO2m?UtKcO poOPc{hORQvUh_U_ano{^O8`Mm Q^O2{hŁwnot2O
M{^noNPn¦Uhn¦¨]gq8mcmc\s¢ﬂ]q8`MQm« _HŁsq8mMQTM_8QTU^{_an U^\Cnutng`tqggOCpo_¤gORN_amMgO8¢OCNP\<t2_amMnoQ^NPOC¥« nom?U^OR{v
_8t­Uhn q8mtq8mMQvnuQvU^OPdORm?Ł8qfsOR{]`cmcOP{hORy?`98UhO.`cmªQ^O2{hŁwnot2OcnoQvUh_sm8U$_£mªgO{^\<t`c:\2{hO2{l`cmU^{_an U^O2NPORm8U
5
M ﬂ
7
)_acMp nuy?`cO2{$Q^`c{Tp OPQvn U^Og`+tponoO2m?UR¢a?emUhO2p§NP\RtR_amcnuQvNPOq8`c{h{h_sn¦U$QvONPqgg\2ponoQ^O2{TM_s{$gORQ
¨©q8mMt­Uhn q8mMQ
« q8{hg{hO|Q^`c\R{^noO2`M{c_smMQ
mMq8Qpu_amMr8_ar8ORQ¥gOQv:\Rt2n¦£:t2_Uhn q8m¢ ﬂnomM_apoO2NPORm8U<Rp6« n m?U^\Rrs{_Uhn q8mTcOtO
QhtKc\RNP_._HŁsO<t]p6« ORm?Łwno{^q8mcmcORNORm?UgOTg\RŁsO2poqsMORNORm?U WQ,UhO2{OR{^NPO2U`Mmg\Rcp q8n ORNPO2m?U]QvfgQvU^\2N_aU^nuy8`MO
_s`{hO2r?_a{dgO<Qc{hqsc{hn \2U^\<QUh{h_sn¦Uh\2O<Q2¢
     > ] ﬂ
Z	"	" ]_
zO2` gOU^{_HŁH_s`gb U^O2m?UhO2m?UP« \RŁH_sp `MO2{Pp O<QYM{^q8c{^no\Uh\RQYmcqsmg6¨©qsmt­U^noqsmMmcO2pop O<Q.cORQP_ar8O2m?UhQYNq8xcnop O<Q2¢
OR{vU_anomMQC¥« O2m?Uh{^OOR`gbitqsNPM_s{^ORm?UCp O<Qd_ar8O2m?UhQCNq8xcnop O<Qd_a`cb ZﬀzQgONP_smcnoL2{hOObg:\2{hn NPO2m?U_apoO
5´¢ Ob¥¢>0 O%47¢c_s{ <_amcnor8_Msz|nut2t2q.O2UenorsmM_:0 %4Eq8m?U¨©q8`c{^mMnEcORQ\2po\2NPO2m?UQcOWxM_8QvOWq8`c{ﬀtq8N_a{hO2{t2ORQ
nom?U^OR{h_8t­U^noqsmQ§O2m{hO2r?_a{.gOWpo_YtqsmQvq8NN_aU^noqsmO2mCxM_smMgO]_sQhQ^_sm8UhOs¢?O2UvUhOe_acM{^qgtKcO]_$\2U^\W\U^ORmMg`cO
:qs`M{`MmcOlQ^\Ry?`cORmMtOlNP\2pu_amcr8OR_sm8Un m?UhO2{_st­Uhn q8mMQM_a{ﬀZﬀziOUNPn r8{h_aU^noqsmd¥« _ar8O2m?UhQ0 VsV 4¡¢ﬀ,W_smMQmcqsU^{hO
NPqggLRp O8t2OU^U^O)_acc{hqgtKcOd{hO2ŁwnoO2m?Uª_smM_apofgQvOR{.gno{^O<t­UhO2NPO2m?UP`cmcOObgc{hORQhQvnoqsmt2qsmMt2{^L2U^OqKJUhqs`gUhORQ
poORQlU_anop poORQTgO{hORy?`982U^O<QWO2UgO{^\<Qv`Mp¦U_UhQTQ^qsm?UT£cbg\2O<Q2¢Ez§_a{_sn pop OR`c{Q2Ex:OR_a`tqs`M ¥« _aMcp nut2_aU^noqsmMQTy?`cn
`cU^nop nuQvORm?UegORQ]_srsORm8UQNPqsxcnop O<QmcO$:qs`c{h{^q8m?U82U^{hOT`gU^nop nuQ^\2ORQﬀUh_am?Uey?`cO$poORQc{hqsxMp LRNO<QﬀgOQ^\Rt`M{^n U^\$mcO
Q^O2{hqsm?UM_sQﬂUh{h_sn¦Uh\RQf5´c{^qsU^O<t­U^noqsmPgO<Q§_arsORm?UhQ"7­¢~O<Q{^O<tKcO2{tKcORQﬂORmcr8_srs\2O<QM_amMQpu_Tg\¨©ORmMQvO]cORQ§_ar8O2m?UhQ
NPq8xcn poORQCO2mwŁsOR{hQPpoORQC_aUvU_sy?`cORQCc{^q8q?QvORm?UcORQNP\RtR_amcnuQ^NO<QPU^ORpoQdy8`MOp O<QCQ^O2{hŁsO2`M{hQPgOt2qsmg£:_amMt2O
q8` po_¤t2{^fwgUhqsr8{h_scKcnoOPc`tqggOCO2U.gO<QYgq8mcmc\2O<QYgOtORQ._ar8O2m?UhQR
_£mgOdQh_U^nuQv¨´_ano{^OC_s` NnoO2`cb poORQ
M{^q8c{^no\Uh\RQlgOtq8mg£gORm8Uhno_sp n U^\qs`+¥« n m?Uh\2rs{hn U^\s¢
ORORmMc_am?U<¥n puQlmcOPr8_a{_am?UhnoQhQvORm?UeM_sQWUhqs`},q8`c{hQlpoORQ
cO2`gb$c{hqsc{hno\U^\<Q2¢ |mW},`MQ,Uhn¦£:_am?Uﬂ¥« `cmcOtq8mcmM_snoQhQ^_smMtO]c{hn q8{^n?Qv`M{poORQﬂO2mwŁwno{^q8mcmcO2NPORm8UQ
gO<QQ^O2{hŁsOR`c{Q
5´mcnoŁsOR_s`gbgOPtqsmc£_amMt2O 7:mMqaU^{hO._scc{hqgtKcOY:O2{hNPOU$gOQ2« _sQhQv`M{^OR{Wy?`« O2pop O<Qe:O2`cŁ8O2m?Uﬁ8U^{hOr8_a{_am?Uhn O<Q
:qs`M{YpoOQ^O2{hŁ?nutOCt2p noO2m?U<¢zqs`M{Ypu_¤£_sxcn pon U^\sﬂmcq8`MQYtKcOR{htKMqsmMQŁs\2{hn £MO2{YQ^np=« n¦Uhn mM\2{_ano{^Od« `cm _arsORm?U
:O2`cUB8U^{hOTtqsmQvnug\2{h\TtqsNPNPO$Q M{:qs`M{]Qvq8mC¨©qsmt­U^noqsmMmcO2NPO2m?U<¢M~O<QNP\<t2_amMnoQ^NPORQﬀ_sQhQ^qwt2n \<QQ^qsm?Uc{hnoQ
ORmtKM_a{hrsO_a{poORQ.QvOR{^Ł8O2`c{QTK9LaUhORQR¢eqaU^{hOd_scc{hqwtKMOOR{^NPOUPgOdQR« _8Q^Q^`c{hO2{y?`« `cmQ^O2{hŁwnot2OCtpon ORm8U
:O2`cU]Łs\2{hn £MO2{pu_.M{^q8c{^no\Uh\T{^O<y8`MnoQ^Os¢
~
Oªmcq8NYxc{hOªt2{^q8noQhQh_am?UgO cpu_U^O2=¨©q8{^NPO<QdgO+g\2Ł8O2poqsc:O2NPORm8U¤x_sQ^O ¥« _ar8O2m?UhQdNPqsxcnop O<Q2ﬀy?`cn
:O2{hNPOU^U^O2m?U)gOUh{h_sn¦UhO2{« _s`gU^{hORQc{hqaU^qgt2qspoORQR|mcO¨©q8`c{hmcnoQhQ^O2m?UdM_8Q¥« qs`cU^nopoQgOªQ^\2poORtU^noqsmA_a{hNn
t2O2`gbw tn6¢g~OTtqsmtO2cU^O2`M{gq8n¦Uﬀpo`cn 6N82NPOTtKcqsnuQ^n {O2m?U^{hOlpo_.NPn r8{h_aU^noqsmCO2Up6« n mwŁsqgtR_U^noqsmgnoQvUh_sm?U^Os¢wz§_a{
_sn popoO2`c{Q2nopMO2bgnoQvU^O]gOemcqsN.xc{^OR`gbUh{h_HŁ_a`cb.gO]{hORtKcOR{htKMOQ^`c{|pu_TNPqgg\2ponoQh_Uhn q8mgO]QvfgQvU^LRNO<Q|$_ar8O2m?UhQ
NPq8xcn poORQd+M_a{^U^no{dgOtR_aput`cpuQCgOc{^qgt2ORQhQv`MQPq8{^noO2m?Uh\RQŁ8O2{QPpo_cnoQvU^{hn xM`gU^noqsm 0 VP4¡¢s+ puQOR{^NPO2UvU^ORm?UR
_a{]O2bwORNPcp O8gO.NPqwc\2ponoQ^O2{]poORQWQv\RN_am?U^nuy?`cORQWgOYg\2¨´_anop pu_amMt2ORQRMgOQv\<t`c{hn¦Uh\$qs`gO.c{hqaU^O<t­Uhn q8m¢M~O
tR_aput`cp8gOwOwnors`MtKMnaOU|q8mcO<_ _G0 VaP4¡2:qs`c{
po_ﬀgO<Q^t2{^nogUhn q8mWO2U
po_ﬀt2qsNPM_s{h_snoQ^qsmlgORQ¥NP\<t2_amMnoQ^NPORQgO
NPnors{_Uhn q8m;5´¢ O2b¥¢


xcponuyRJ
ORp O<Q^t2{^nogU"72O<Q,U
`MmcO|ObwUhO2mMQ^n q8mg`.+c¡tR_aput`cp8c{^qgtKcO|cO|mcqaUh{^O§M{^q8q?Qvn U^noqsm¢
noO2m y8`MOt2ORQTgn ¬:\R{^ORm8UQlNqggLRp O<QTQvq8n ORm8UTc`cnuQhQ^_sm8UQ2¥t2ORQl_acc{hqgtKcORQlgn ¬:LR{^ORm?U$cO.pu_dmLaU^{hOsEORmªtO
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
V8
Q^O2mQCy?`« ORp poORQdmcO¤Uh{h_sn¦UhO2m?UCM_sQCU^q8`},qs`c{QC¥« nom8UhO2{_stU^noqsmMQMp `MQtpu_sQhQvnuy?`cORQUhO2pop Oªy8`MOp=« nom?Ł8qgt2_Uhn q8m
cnoQvUh_sm8UhON5©¢ Ob¥¢ ]N.xcnu_am?URMwO<_ap7­¢c~
O2`c{Q_amM_sp fgQ^ORQQ2« qs{hnoO2m?U^ORm8UŁsOR{hQpu_Pg\UhORt­Uhn q8mO2Uﬀp O$tq8m?U^{MLspoOlgO
t2qsNP:qs{^U^O2NPORm8Uﬀ:qs`c{ﬀpoO${hORQ^O<t­U]¥« `cmcO$c{hqsc{hno\U^\8¢
 @   B `  ﬂm Z_
z§_a{hNPnepoORQq8xg},ORtU^n ¨´QdgO{^O<tKcO2{tKcOq?Q^Q^n xMp O<QdQ^`cn¦UhO tO)Uh{h_HŁ_sn p6|mcqsU^qsmQCtq8`c{^UU^O2{hNPO¤po_
{hORtKMO2{tKcO.¥« _a`cU^{hORQlc{hqsc{hn \2U^\<QWmMqsmg6¨©qsmMtU^noqsmcmMO2pop O<Qly?`cnq8`c{^{_anoO2m?UTQ2« n m?Uh\2rs{hO2{$_s`ªNPqggL2poOC5©¢ Ob¥¢
_8QvfwmMtKM{^q8mcnoQ^NPOs<qs`cŁ8O2{^U^`c{hOstR_aM_8tn U^\ﬀgO]t{hqsnuQhQ^_smMtOP7­¢
 
cpo`MQ§poqsmcrlU^OR{^NPO8mcqs`MQ:qs`MŁsqsmQmcqs`MQnomg
Uh\2{hORQhQvOR{§Wp6« _sc_sgUh_aU^noqsm.cORQ|Q^O2{hŁwnot2ORQl`cmPO2mwŁwn {hqsmcmMO2NPO2m?U§tKM_amcr8OR_sm8U<Hp=« _acM{^qgtKcO\U_am?U¥},`MQhy8`
« nutn
QvUh_aU^nuy?`cOs¢ ﬀ£MmcOOR{^NPO2UvU^{hOY_s`QvOR{^ŁwnutOgOYQR« _sc_sgU^OR{eO2m)¨©q8mMt­Uhn q8mg`t2qsm?U^O2b?UhO¥« Obg\Rt2`gU^noqsm¤q8`
cORQx:ORQ^qsnomMQcp `QﬀQv:\Rt2n¦£y?`cO<QﬀgOTp=« _aMcp nut2_aU^noqsmwq8mgq8n¦U]t2qsm?U^{MLspoO2{cpo`MQ£MmcORNORm?Upu_Qv:\Rt2n¦£tR_Uhn q8m
O2UpoOeg\2Mp q8n ORNORm?UR¢az§_a{_anop poO2`c{QRa\Uh`MgnoO2{pu_$tq8Kc\2{hO2mtOﬀgORQŁw`cORQ§mMqsmg6¨©qsmMtU^noqsmcmMO2pop O<Q§ORQvU`cmcOecnoQvU^O
nom?U^\R{^O<Q^Qh_am?U^O.t2qsmMQ^noc\2{hO2{WM_amMQWmcqaUh{^O_acM{^qgtKcO8¢z§_a{lObgORNMp O8:poORQlc{hqsM{^no\Uh\RQecO.:O2{^¨©qs{hN_amMt2O
O2UTcOQ^\Rt2`c{^n U^\.OR`cŁsORm?UlORm8Uh{^OR{WORmªt2qsm?U^{_sgnut­Uhn q8my?`M_amM`cmªNP\<t2_amMnoQ^NPO.gOPQv\<t`c{hn U^\YnomMg`Mn¦U$`cmcO
_s`crsNPORm8U_Uhn q8mgOTUh{h_a£ta¢
 
]/(	]/(ﬀ.
OUh{h_HŁ_anopc_l\Uh\]{^\<_aponoQ^\sHORm_a{^U^noOssc_smMQpoO]t2_sc{^Oﬀg`Pc{hqa},O2U|O2`c{hqs:\2ORm Q^c{hn¦U,l 5$
%Yi
% #

 M# %'
%  

  

&	Y
ﬀw"#
N
P	w$	
7­¢a~|« _a`cU^O2`M{ﬂ{hO2NPOR{ht2n Oz_8Q^tR_ap c{_scOUOU |_apo\
{hnoO-+,QhQh_a{hm?f$:qs`M{§p OR`c{hQtqsNPNPO2m?U_ano{^O<QﬂQ^`c{§poORQ§M{^ORNnoL2{hORQﬂŁ8O2{QvnoqsmMQgO]t2Oﬀ{h_sc:qs{^UR_anomMQ^nMy?`cOf,W_HŁwnu
_s`Mgqsnom¤OU enomMtORm?U §O<QvŁ_a{):qs`c{lp OR`c{Qetq8m?U^{hn xc`cU^noqsmMQWc_amMQWpoORQWcKM_sQ^ORQWgOYNPnuQvO.O2m

`MŁ?{hOYgO
p6« O2mwŁwn {hqsmcmMO2NPO2m?UR¢
m=my^z9{| QD}
Vr2  
%ﬀﬃ3&	
   	ﬀﬀ
0 Sﬂ4OR{^mM_s{hC56jl`cf97­¢
J
]ccponut2_axMn pon¦Uh\WO2U:O2{^¨©qs{hN_amMt2ORQ|gO<QQ^fgQ,UhL2NPORQ¥« _arsORm?UhQ|NPq8xcn poORQc_smMQ|poORQ
Q^fgQ,UhL2NPORQl{h\2M_s{vUhnoQR¢ 

(
i ! i:!M%(ﬂiﬂ !" "% &	ﬂN	ﬀ$	$	!P	"ﬂ	#      Y



	Nc¢M 
J
28c¢
J
Z]O2mcmcO<Q2+,Zf+v a},`cn m+S OrOrOM¢
0 V4q8`Mgqsp656jl\2{_a{7­§jlO2{hN_anom 5ﬂpoqs{hO2mMt2O 7OUC~
_8tq8QvU^O 5
A_s{ht 7­¢
J
 G  P	C#	  F 3	 
N #ﬂ	$#   Nrﬂbw(
¢
J
{_ac:qs{^UU^O<tKcmcnuy8`MOlmrO8sM+,WZf+:Vas8c¢
0 %4Y_s{ <_amcnor8_5 ]m?U^q8mcn qF7­8z|notRtq:56jlno_smz|noOU^{hq7|OU Wn r8mM_N5=jlnoqŁ_amcmMn&7¢
J
,eO<QvnorsmcnomcrYcnoQvU^{hn xM`gU^O<
_sccponotR_Uhn q8mMQ ﬀn U^KANPq8xcn poOt2qwcOM_a{_scn r8NPQR¢ 

(
i !  1  %  
 
 

ﬂiﬂ !" 
N
 "

i

F%>"F

 >N
 
H\R¥¢MM_a{]Jﬂ_Hfwp q8{ﬁ5=Z$¢[7­¢cc
¢VsV
J
8Vc¢
J
e-A!z|{hORQhQ2¢
0 r4YKMORQhQ 5
,l_HŁwnoCA ¢[7­  e_s{^{hnoQ^qsm 56q8p nomj¢ 7ﬀOUTO2{Q^KcO2xM_s`cN 5 e_a{hqsm 7­¢
J
  
	a Gi
Q   ﬀB3 #
 
#r ﬂﬁ
J
{_ac:qs{^UﬂgO{hORtKcOR{htKMOm
S Os8 w + AﬁZﬀO<QvO<_a{tK ,Wn ŁwnuQvnoqsmH¨©\RŁw{^noO2{S3OOa¢
0 4 M{h_8gOUN5©z§_8Q^tR_ap7­>+,Q^Qh_a{hmwf 5 |_apo\2{hn OP7]O2UTZ]qs`cŁw{_anuQ 5=gn ORra¨©{hn O<7­¢
J
]mM_sp fgQ^n mMrdmcq8mg=¨©`MmMt­Uhn q8mM_ap
M{^q8OR{vUhn O<QYqs¨eNPqsxcnop O)_ar8O2m?UhQR¢ﬃ 

(
i !ﬁ v  9IQ  Fi#
 
 

%ﬂi>!"1
	
ﬀ # N %
 -r>i ! 	 k
N
 "

%i

r "ﬂ

	
 
N "!#!!$

(
Y
 #r

Q 
(;N%&!!!a\R¥¢M_a{
A_anoxM_a`cN 5´JqsN 7­¢Mc¢MMS3O
J
s8c¢
J
wc{hnomcrsOR{R¢
0 2%4jT_s{^pu_am 5
,l_HŁwno7¢
J
wqs¨ U$_s{^O)_a{tKcn U^ORtU^`c{hOs¢ﬃ 
'
(
i !ﬁ v  9

  
 
 

%ﬂi>!"1
N
 "

i

F%>"F

 >N

!!$H¢c¢OMS
J
SR8Vc¢
J
e-A!z|{^O<Q^QR¢
0ﬀP4jlORqs{hr8_ sqs:qs`Mp q?Q 5',Y¢[7­  ]q8{^mMnot  5
A ¢[7O2UwKcO2U^K 5ﬁY¢ 7¢
J
]miqŁ8O2{hŁwn O ﬁqa¨ qs{! MqﬁN_
m_arsORNPO2m?U3H
¨©{^q8N!c{hqgtO<Q^Q$NPqggORp nomcr¤Uhq q8{  Mq _a`gUhqsN_Uhn q8m n mc¨©{h_8Q,Uh{^`MtU^`c{hOs¢(
%ﬀ %-

&	'
ﬂﬀwM# >#
(
%ﬂ

% 	ﬂ	
cŁ8qsp6¢ccgm§Vgc_HŁw{^nopS3OO8gwc
¢SsS O
J
SHaM¢
0 %4ﬁ+)    jlN.x  ¢
J
jl{_sQhQvKcq8c:O2{<¢ 
+*"*&*,
ﬁ.-"/
,)0
¢
0 O%4ﬁ+,Q^N_anop/5´~|¢[7
OU  e_ar8n NPq8m8U-5
,.¢ 7¢
J
 OR{v¨©q8{^N_amtOORŁ_apo`M_Uhn q8mqa¨gUhKcONPq8xcn poO_arsORm?U
M_a{_scn r8N¢
 

(
i !    

 iﬂ !"B%21f43ﬂ"! $1
k"#
(
iMr;$F65
N
P	"wﬂ 	75
[
F% 3	75 % #
 -r>b
! Y
9	
:c¢M8r2
J
cS<c¢
0oSR%4+,QhQh_a{hm?f 5 .¢ 7OUnuc_am 5¡W¢ 7¢
J
WQ,UhO2{ H  ¨©{_aNPOqs{!¨©q8{.Q^qs`cm t`MQvU^q8Nn R_aU^noqsm+qa¨]gnuQvU^{hn¦
xM`gU^O<ª{h`cm?U^noNPOCQvfgQvU^ORNPQR¢8 
9#:  
 
 

ﬂiﬂ !" 

&	'
ﬂﬀk"#

%B>ﬀ'F
N
P	w$	

 =  >N
 &:
¢Mc
¢a2
J
rOsM¢
J
 ]q8mcr;eq8mcrMwN_an§S OrOr2M¢
0oSsSﬂ4  8qsK_amMQ^O2mN5
,l_arF7­ﬂA_a{!2`cpop q 5<TO2n U^K7<gtKMmcO2nugO2{5c{hORl¢[7­  8_8tqsxQvORm;5<},OU^nop7EOU>=¥_arsq8{^qggmMqŁ
5',eNPn U^{hn n7­¢
J@?
 
(

(
r!ﬂY
!%
	
ﬀb 0Q%ﬂ>!M 
 
Y ﬂ

  ﬀ Y
	
¢
J
{h_sc:qs{^U
UhORtKcmMnoy?`cO$mcOsahS wS32Mwq8{^mcORp pa?emcnoŁsO2{Q^n¦U,f89?W YcmcqŁsORNYxc{hOS3OrO8c¢
0oS<V4T~_amcr8O 5
,l_amMm?f l¢[7§OU


QvKMn N_:5'A¤n UhQ^`c{^` 7­¢
J
gO2ŁsORmrsqwqg{hOR_sQ^qsmQ¨©qs{Nq8xcnop Ol_arsORm?UhQR¢ 
ﬃ
;ﬀ
! %'
%9	 ;  $ 


5

ﬀbYﬁﬂﬂ
N
P	"wﬂ 	N   9
?
% #  ﬂ'	 

D!M%$Nﬂi!"

Ł8qsp6¢g?VcgmﬂMgNP_s{hQTS OrOOc?c¢M8
J
Oc¢
n S<man!
 
		ﬀﬁ	ﬂﬃ 
!"	$#%&	'
ﬂ(	
V 
0oSR%4T~_ac{hnoO 5  ¢?W¢ 7¢
J

w9ﬂ # rﬂb, P	
!

>!Mw '	 % # Qﬂ$>M 
¢
J
wc{hn mcr8O2{§:qs`c{s+ =+ z
ijﬁSRc¢ MES OrOa¢
0oS2r4ﬁAORgŁwnugqŁwnotN5=]O2m_s7O2UWJﬂ_Hf?poqs{65=ZﬀnotK_a{Y¢ 7¢
J
tpu_sQhQvn £t2_aU^noqsm)_amM)t2qsNPM_a{hnuQvq8md¨©{_aNPO
qs{!)¨©qs{Q^qa¨ U$_a{hOP_a{tKcn¦UhORtU^`c{hOcORQht{hn gUhn q8mªpu_amMrs`M_srsORQR¢8    
Qﬀ9	!Y
	 %
N
 "

%i

r "F
Łsq8p=¢MVr2cwmS8}v_amwŁwnoO2{]Va8scwc
¢ 
J
OsM¢
0oS<4ﬁAq?q8{^Ov5  8qsmM_aU^KM_smJT¢ 7¢
J 
rﬂ

 #r
N
"!ﬀ, Q"! ﬀﬂ	
¢
J
{h_scq8{vUeU^ORtKMmcnoy?`cO.mKA?
+vwkO8,VacF?]mMn Ł8O2{Qvn U,fCqa¨zO2mcmQvfwpoŁH_smcnu_c9?W cN_an§S OrO8c¢
0oS32%4lznotRtq 5=jlnu_am zn O2U^{hq7­¢
J 
 #"	 ># 5

ﬃ b %'F65
	
% %bﬂ 5 >#

>Y

 #r

b,
¢
J
JKcL<QvOcOTcqwtU^q8{h_aURgzqspon¦UhORt2mcnot2qgn
Jqs{hn mcqF+¡Uh_aponoOsg¨©\RŁ?{hnoO2{TS3OOsc¢
0oS P4TZ]O2fwmcqspucQ5  8qsKcm.W¢[7­¢
J
JKcOgnuQhtqŁsOR{^noORQ:qs¨Mtqsm?Uhn mw`M_aU^noqsmMQR¢
[
&	Y >#
N
N"b
!

%B>ﬀ %'
%

Ł8qsp6¢92cgm MgmcqŁ8O2NYxM{^O.S3OrO8cwc¢:Vas
J
Va8c¢
0oSR%4$c_a{hnoc_ wnoQ5´Jn U^q8Q"7
OUc+,Q^Qh_a{hmwf;5 |_apo\2{hn OP7­¢
J
,WO2ŁsORp q8cnomcrG,WO2:O2mMM_axcpoOgfwQvU^ORNQ=?WQvnomcrlgqa¨ U$_a{hO
e{htKMn¦UhORt­Uh`c{hOs¢ 

(
i !c ﬁ  9 P	%
  	  3( 
 iﬂ !";
N
 "

iﬁ Gi!  FwM!ﬂYﬀi

M¢Ms
J
S<aM¢
J
g_am ]m?UhqsmcnoqM9?l g¨©\RŁw{^noO2{$S OrOrOM¢
0oS3O%4$ctKcmcO2nugOR{G5M{^O< l¢ 7¢
J
Q

i#	
	
ﬀb wwﬂ  #
N
M!ﬂﬀif ﬂY!
¢
J
{h_sc:qs{^U§U^ORtKMmcnoy?`cO
mcO HhS 2s2ccqs{hmcO2popa?]mcnoŁsOR{hQ^n U,fsﬀ?W Ya},`cnopop O2US3OrO w¢
0 Va%4$gOwn r8`MtKcns5=JT¢ 7O2U|qsmcO R_ _v5 ¢[7­¢
J
tR_aput`cpo`MQ ﬀn U^Kt2qwcOlNPq8xcn pon U,fs¢ 

(
i !

 #
  	  3(
	  9M 
	
% %

ﬂ  3#	 % 1=1B 3ﬂ"!ﬂ  P	ﬂ"#

&	Y
ﬀw"#
N
P	kﬂ 	

	

1 1
 N#H
\<¥¢cM_s{WKM_aMNP_smO2U  e_sp p6gc¢VcS
J
r2c¢
J
~q8mMg{hORQR:S OrO w¢
0 VgSﬂ4$wU^{_sQhQvOR{ﬁ5'A ¢[7OU]ZﬀqaUhKcO2{hNPO2pK5<P¢ 7¢
J
ZﬀORp nu_axMn pon¦U,ftqsmtO2cUhQ¨©qs{ﬀNPqsxMn poO$_arsORm?UhQR¢ 
 
(
%ﬀ %
 

3"9ﬂ%'ﬃ
 
 ﬂY

N
P	kﬂ 	
gŁ8qsp6¢ wgmﬂMS OrOsM8M¢M88
J
s8Vc¢
0 VsV4$wU^{_sOR{ 5'A_a{!w`MQ"7O2UgtKO2KcN 5'A_a{!w`MQ"7­¢
J
ﬁzO2{^¨©qs{hN_amMt2OvA¤qggORp¨©qs{NA¤qsxMn poO ersORm8U
gfwQvU^ORNQ2¢& 

(
i3!I B  9
 
 

%ﬂiﬂ !"6
(
%ﬂ >#

&	'
ﬂﬀwM#
(
i !"	"	 Q"!  
	 >#$  b
! %'
%9	
(
 (
Q    
MM¢SsS<8V
J
SsSR8M¢
J
~_sQ §ORr8_sQR9?W S OrO g¢
0 Va%4 +_a{h{hO2m 5
,.¢ 7¢
J
JKcOTbcQvxc{hqsrs{_aNPNPnomcr.Q^fgQ,UhO2N)¢ 

	

,
ﬃﬂﬃﬀ	ﬃ  ﬂ
	 
,

:¢
0 Vr4

NPOU^KMqwMQ2 O2x¤Q^O2{hŁwnot2ORQp nuQvUR¢ 
2*&*&*,	

ﬂ
0

,

E¢
m=my^z9{| QD}
Vs  
%ﬀﬃ3&	
 
"ﬃ1'ﬀﬁ/("T	ﬂﬀ

HE° ¯ #ﬂ²a° F´¯mH

ﬂ
HA² "#ﬁ ¡¯ H ﬁ?³ ¯:d³ w²KF ﬂ² g°0F=¯ H# ﬁ ﬁ BF´² ﬁw #>F´R°,F  ﬂw 
Vc¢ S ~_amcr?_ar8Ol_sxMQ,Uh{h_sn¦U¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ 2
Vc¢ V |bwORNPcp O¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ 2
Vc¢  ~_amcr?_ar8Olt2qsmMt2{^O2U¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ 
Vc¢  ,WnuQ^t2`MQ^Q^noqsm ¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ O

 H c³ ﬃ ﬁw # ﬁ ¥ M³'F©°<
	
M¢ S {hn U^L2{hORQﬀ« _smM_apofgQvO$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S<
M¢ S8¢ S zﬂOR{v¨©q8{^N_smMtO ¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S<
M¢ S8¢ V w\Rt2`c{^n U^\ ¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S<
M¢ S8¢  nu_axMn pon¦Uh\¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S8S
M¢ V z{^q8q?Qvn U^noqsm)¥« _amM_sp fgQ^ORQ ¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'SHV
M¢ Vc¢ S wfwm8UhKcLRQ^O$¥« n NPcpu_am?Uh_aU^noqsmNPn mcnoN_apoO ¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'SR
M¢ Vc¢ V wfwm8UhKcLRQ^O$¥« _a{tKcn¦UhORtU^`c{hO ¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'SH
M¢ Vc¢  wfwm8UhKcLRQ^O$gOTU^{_an U^ORNPO2m?UhQ¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'SH
M¢  ,WnuQ^t2`MQ^Q^noqsm ¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S 2


H BF ¯mH H ﬁw ﬁ%HE° # ﬁﬂ#  ﬁ?³=¯  ﬁw ﬁ%HE°
	
¢ S ZBLspoOTcO$p=« _a{tKcn U^ORtU^O ¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S<
¢ V + m?UhO2{hŁsO2m?Uhn q8mg`¤tq8mMtORgU^OR`c{¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S<
¢ Vc¢ S wfwm8UhKcLRQ^O$¥« n NPcpu_am?Uh_aU^noqsmM_a{ﬀ{_ﬂﬁmcORNPO2m?U]Qv`cnoŁ_am?Uﬀpo_P:O2{^¨©qs{hN_amMt2OP¢$¢l¢$¢'S<
¢ Vc¢ V wfwm8UhKcLRQ^OcOdUh{h_sn¦UhO2NPO2m?UhQRy8`_apon¦Uh\¥« noNMp \RNORm?Uh_Uhn q8mOUQ^f?m?UhKcLRQ^O¥« _a{^
tKcn¦UhORtU^`c{hO¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S O
¢  ZBLspoOTc`)c\2ŁsORp q8c:O2`c{]¥« _aMcp nut2_aU^noqsm ¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢'S O
¢  + m?Uh\2rs{_Uhn q8mc_smMQ`cm)pu_amcr?_arsOTgOgO<Q^t2{^nogUhn q8m¥« _a{tKcn U^O<t­U^`M{^O<Q¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ VcS
¢ ¢ S w\<tn £t2_aU^noqsm)g`){^\<QvO<_a`ª¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ VcS
¢ ¢ V w\<tn £t2_aU^noqsm)gORQ]Obgc{hORQhQvnoqsmMQ_axQ,Uh{h_sn¦UhORQOUet2qsmMt2{^L2U^O<Q¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ V8V
¢  ,WnuQ^t2`MQ^Q^noqsm ¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ Vs
.¯mH²8³´ﬂ0F=¯ H
ﬂ 
c¢ S J{_HŁH_s`gbdtq8mcmcO2bwO<Q¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ Va
c¢ V zOR{hQ^O<t­Uhn Ł8ORQC¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢T¢$¢T¢$¢$¢T¢$¢T¢$¢l¢$¢T¢$¢$¢T¢$¢T¢$¢T¢$¢$¢l¢$¢ V8
n S<man!
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
